Application No.: 09/451,319 



Docket No.: SU-7073-D 



REMARKS 

Regarding the Amendments to the Specification 

The amendments made to the specification by this current response do not add new 
matter to the specification. In particular, applicants note that the added and amended 
paragraphs are derived from U.S. Serial No. 09/088,300 (now issued U.S. Patent No. 
6,068,861). See U.S. Patent No. 6,068,861, column 2, line 64 - column 3, line 11; column 3, 
lines 41-53; column 4, line 20; column 5, lines 1-16; column 5, line 58 - column 6, line 6, 
and column 6, lines 7-23. U.S. Serial No. 09/088,300, from which the current application 
claims priority as a continuation-in-part, was incorporated by reference in its entirety by the 
current application as originally filed. See page 1, lines 2-4, and page 14, lines 5-6 of the 
current application. 

Regarding the Amendments to the Claims 

Claims 61-65 are currently pending in the present application. By the current 
amendment, these claims are cancelled in favor of newly added claims 71-130. Applicants 
note that at the time of filing the current application, claim fees for 60 claims (including for 6 
independent claims) was paid. Since by the current amendment, only sixty claims will be 
pending (6 of them independent), no additional claim fees are believed due. 

Claims 71-130 do not add new matter to the specification, and are fully supported in 
view of the current amendments to the specification which as noted previously, are fully 
supported in the application as filed in view of the incorporation of U.S. Serial No. 
09/088,300 in its entirety. The purpose of the amendments is to pursue a scope of the 
invention which is not specifically claimed in any of the patents and applications related to 
U.S. Serial No. 09/088,300. For purposes of full disclosure, Applicants note that the patents 
and applications related to U.S. Serial No. 09/088,300 (now U.S. Patent No. 6,068,861) 
include: U.S. Patent Nos. 6,299,909, 6,306,441, 6,322,822, 6,348,219, 6,352,725, 6,495,169, 
6,506,418, 6,511,682, 6,652,889, 7,087,251 and 7,195,782; and U.S. Serial Nos. 09/785,890, 
10/282,290 and 10/703,311. In particular, Applicants note that the newly added claims are 
directed to methods of using of the aqueous biocidal solutions which are the subject of claims 
currently pending in U.S. Serial No. 09/785,890. See Applicants' Response submitted 
12/8/08 to the 8/8/08 Office Action in the prosecution file of U.S. Serial No. 09/785,890. 
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Regarding Patentability Over the Prior Art 

Applicants' Response submitted 12/8/08 to the 8/8/08 Office Action in U.S. Serial 
No. 09/785,890 (hereafter, "the '890 application") extensively discusses the patentability 
over the prior art (including the Goodenough patent - U.S. Patent No. 3,558,503) of the 
aqueous biocidal solutions which are recited in the now pending claims of the '890 
application, and which are likewise called for in the method of use claims newly added by the 
present amendment in the current application. Applicants' response submitted in the '890 
application was accompanied by extensive documentary evidence, including an affidavit and 
numerous art publications. Applicants submit that the method of use claims which are the 
subject of the claims newly added by the present amendment are patentable over the prior art, 
including Goodenough, on at least the same basis argued for the patentability of the aqueous 
biocidal solutions in the response submitted in the '890 application. Although Applicants 
expect that Examiner Pry or will be addressing Applicants' response submitted in the '890 
application prior to examining the claims newly added by the present amendment, Applicants 
will repeat those arguments (along with submitting the same documentary evidence) in order 
to preserve Applicants' right to cite these documents in the event an appeal to the Board is 
required in the current application. 

The claims added by the present amendment recite use of aqueous biocidal solutions 
which differ from the products described in the Goodenough patent. All of the newly added 
independent claims recite use of an "aqueous biocidal solution comprising at least 100,000 
ppm (wt/wt) sulfamate stabilized halogen as measured as Br2, wherein the content of 
sulfamate stabilized halogen is" prepared or preparable by a method consisting of adding 
bromine chloride to an alkali metal sulfamate solution formed from water, sulfamic acid and 
alkali metal base, wherein the pH of said alkali metal sulfamate solution is maintained at 
about 13.0 or greater during bromine chloride addition, and wherein the molar ratio of 
sulfamic acid to bromine chloride is at least 0.93." 

Applicants submit that the patentability of the newly added claims over Goodenough 
depends on whether the aqueous biocidal solutions recited in these claims are novel and 
nonobvious over Goodenough. Accordingly, to assist the Examiner in this assessment, 
Applicants direct the Examiner's attention to fH 1-12 of APPENDIX A (attached to the 
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current Response), which is titled Second Declaration of B. Gary McKinnie. This declaration 
was submitted during the interference in which the current application was previously 
involved (and labeled "Exhibit 1073" during that interference). In ff 4-12 of Appendix A, 
Dr. McKinnie discusses the results of studies conducted to determine the content of N- 
halosulfamate species present (specifically, N-bromosulfamate and N-chlorosulfamate) in an 
aqueous biocidal solution produced in a manner consistent with the preparation methods 
recited in the newly added independent claims. See, in particular, % 4. In <H 5a-5e, Dr. 
McKinnie details the chemical test used to determine the presence and amounts of N- 
bromosulfamate and N-chlorosulfamate and the limitations of the method. In <H 6-8, Dr. 
McKinnie reports the results of laboratory experiments he personally conducted. Of 
particular note, in % 6, Dr. McKinnie reports that addition of bromine chloride to an alkali 
metal sulfamate solution which was maintained at a pH of at least 13.0 during the addition of 
the bromine chloride resulted in an aqueous biocidal composition comprising an about 4: 1 
molar ratio of stabilized bromine (i.e., N-bromosulfamate) to stabilized chlorine (i.e., N- 
chlorosulfamate). 

Applicants submit that the experiments conducted by Dr. McKinnie clearly establish 
that the aqueous biocidal solution recited in the newly added independent claims contains 
both N-bromosulfamate and N-chlorosulfamate. If the Examiner is of the belief that the 
methods and results detailed by Dr. McKinnie are insufficient to establish this fact, the 
Applicants respectfully request that the Examiner state the specific basis on which that belief 
is founded. 

In contrast to the mixed sulfamate stabilized halogen aqueous biocidal solutions 
called for in the newly added claims, Goodenough only describes methods for preparing N- 
bromosulfamate solutions. According to Goodenough, one method for preparing these 
solutions is to add bromine to an alkaline metal sulfamate solution. Goodenough further 
teaches that N-bromosulfamate solutions can be prepared even using as a starting material a 
brine solution containing sodium chloride or calcium chloride; however, there is no 
indication in Goodenough that N-chlorosulfamate would be produced. Applicants note that in 
order for N-chlorosulfamate to form in an alkali solution, chloride would first have to be 
oxidized to hypochlorite by bromine or hypobromite. Applicants are not aware of any 
scientific reference which indicates that this reaction can occur, and request that if the 
Examiner is aware of such a reference, that the Examiner provide such a source. Indeed, 
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Applicants are only aware of references which indicate that bromine is not a strong enough 
oxidizing agent to oxidize chloride ion to free chlorine. For example, Applicants direct the 
Examiner's attention to the following art teachings: 

1. As noted at p. 1, lines 11-14 of the present application, prior art methods 
for producing hypobromite rely on the reverse reaction (i.e., on the 
oxidation of bromide to hypobromite by hypochlorite). See also, for 
example, U.S. Patent No. 5,476,670 (attached as APPENDIX B to the 
present Response), Abstract and col. 5, line 60 - col. 6, line 1. 

2. Sea water, an exemplary chloride-containing brine solution, contains as 
much as 18 g/L of chloride only up to 65 mg/L of bromide ions. See 
Analytical Element Modeling of Coastal Aquifers , EPA/600/R-99/1 10 
(January 2000), p. 1, lines 7-8 (relevant portion attached as APPENDIX 
C); and Harp, D.L., Current Technology of Chlorine Analysis for Water 
and Wastewater , Hach Technical Information Series - Booklet No. 17 
(2002), page 12, col. 2, lines 17-18 (relevant portion attached as 
APPENDIX D). Notwithstanding the more than three orders of magnitude 
difference in chloride and bromide concentrations, it is known that 
hypochlorite generated by addition of chlorine to sea water reacts 
irreversibly with bromide to form hypobromite. Id., page 12, col. 2, lines 
18-23. 

Applicants submit that the above references clearly indicate that addition of bromine 
to a brine solution containing sodium chloride or calcium chloride would not generate 
molecules comprising a chlorine atom having a 1+ oxidation state. Thus, even assuming for 
the sake of argument that some oxidizing chlorine atoms were generated during practice of 
the Goodenough method in a brine solution, the amount of such chlorine atoms would clearly 
be insufficient to generate an aqueous biocidal solution comprising detectable levels of N- 
chlorosulfamate. Since Dr. McKinnie's experiments indicate that the aqueous biocidal 
solutions recited in the newly added claims would have an about 4: 1 molar ratio of stabilized 
bromine (i.e., N-bromosulfamate) to stabilized chlorine (i.e., N-chlorosulfamate), no 
stabilized bromine solution preparable by any method described in the Goodenough patent 
anticipates the preparation or use of such aqueous biocidal solutions. 
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Moreover, as further elaborated below, it would not have been obvious to prepare 
(and therefore use) the recited aqueous biocidal solutions in view of Goodenough. The newly 
added independent claims recite use of an aqueous biocidal solution prepared or preparable 
by a process which differs from the process taught in the Goodenough patent in at least two 
respects: (1) use of bromine chloride instead of bromine; and (2) maintenance of a pH of 
about 13.0 or greater during bromine chloride addition versus sufficient hydroxide to provide 
for a final pH at the completion of bromine addition of between 8-10. See U.S. Patent 
3,558,503, col. 2, lines 1-6. See also, col. 1, lines 69-72, and col. 5, lines 32-34. These two 
differences are in contrast to the interpretation given to previously pending claims 61-65 by 
the Board in their interference decision on rehearing (see Interference No. 105,223, paper 63, 
page 10, line 7 - page 11, line 5), and subsequently adopted by the Examiner, that is, that 
claims 61-65 read on a preparation method in which base is added subsequent to bromine 
addition to achieve a final pH of 13.0 or greater. While the Examiner's rejection of claims 
61-65 relies upon the Dallmier patent (U.S. Patent No. 5,683,654) for providing a motivation 
to modify the Goodenough method to include a step of increasing the pH of the final solution, 
this combined teaching does not directly address the issue of whether it would have been 
obvious to add bromine or bromine chloride to an alkali metal sulfamate solution which is 
maintained at a pH of about 13.0 or greater. Thus, Applicants submit that no prima case of 
obvious exists as to the use of the aqueous biocidal solutions called for in the newly added 
independent claims. 

As further elaborated below, even assuming for the sake of argument that one of skill 
in the art was motivated to modify the Goodenough process by substituting bromine chloride 
for bromine, such skilled artisan would not have maintained the pH of the alkali metal 
sulfamate solution at a pH of about 13.0 or greater during bromine chloride addition. As 
previously noted, the aqueous biocidal solutions called for in the methods of use recited in the 
newly added independent claims contain both N-chlorosulfamate and N-bromosulfamate. In 
contrast, the Goodenough patent teaches processes which seek to maximize the yield of N- 
bromosulfamate, and only N-bromosulfamate. A critical factor relied upon in prior art 
references which suggest the substitutability of bromine chloride and bromine is the rapid 
oxidation of bromide by hypochlorite (and hypochlorous acid). However, it was known in 
the art that the overall rate of oxidation of bromide by hypochlorite (and hypochlorous acid) 
is approximately six orders of magnitude slower at a pH of about 13 or greater in comparison 
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to the rate of oxidation at a pH of 7. See Kumar, K. et al., American Chemical Society, 
26(16):2706-2711 (1987) (attached as APPENDIX N), page 2709, column 1, last paragraph 
and Figure 7. The difference in reaction rates is due to the fact that hypochlorite is 1.5 x 10 6 
times more reactive than hypochlorous acid in its reaction with bromide, and oxidation of 
bromide is largely driven by hypochlorous acid at high pH. Id., page 2708, column 2. 

The extremely slow rate of oxidation of bromide by hypochlorous acid (i.e., the 
mechanism of bromide oxidation which dominates at high pH) would have been an important 
consideration in any effort to modify the Goodenough process by substituting bromine 
chloride for bromine. In particular, it was known in the art at the date of the present 
invention that addition of a bromine stabilizer (such as sulfamic acid) prior to bromide 
oxidation would not permit the formation of hypobromous acid (or hypobromite). See U.S. 
Patent 5,795,487 (attached as APPENDIX G), col. 2, lines 60-65. Moreover, the 
Goodenough patent teaches more than one process for producing stabilized aqueous bromine 
solutions. In fact, Applicants note that the Goodenough patent broadly teaches that the order 
of addition of the three reactants (bromine, halogen stabilizer, and hydroxide) to water is not 
critical for producing stabilized aqueous bromine solutions. See Goodenough, col. 2, lines 7- 
12; and APPENDIX M, paragraph 100. Although the specific order of addition exemplified 
in the production of "Solution A" of Example 3 is relevant to the preparation method recited 
in the newly added claims, Example 3 of the Goodenough patent also exemplifies a process 
wherein hydroxide is added to a solution containing bromine and bromine stabilizer. 
Specifically, "Solution B" of Example 3 was prepared by adding magnesium hydroxide to a 
solution containing bromine and sulfamic acid. See Goodenough, col. 4, lines 69-72; and 
APPENDIX M, paragraph 101. In fact, Goodenough states that addition of hydroxide last 
(i.e., the order used to produce "Solution B") is the preferred manner of producing aqueous 
bromine solutions. See Goodenough, col. 5, lines 9-15. 

In view of the art recognition that addition of a bromine stabilizer prior to bromide 
oxidation would not permit the formation of hypobromous acid (or hypobromite), one of skill 
in the art would not have had a reasonable expectation of avoiding side reactions (or 
maximizing the yield of N-bromosulfamate) using any one of the aqueous biocidal solution 
preparation methods recited in the newly added independent claims. Accordingly, Applicants 
submit that the preparation methods recited in the newly added independent claims would not 
have been obvious even over the combined teachings of Goodenough and Dallmier. 
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With respect to newly added independent claims 71,91 and 96, which only call for an 
aqueous biocidal solution "preparable" by the recited method, Applicants submit that in view 
of the experiments conducted by Dr. McKinnie, it is clear that these claims call for use of an 
aqueous biocidal solution having sulfamate stabilized bromine (i.e., N-bromosulfamate) and 
sulfamate stabilized chlorine (i.e., N-chlorosulfamate). Accordingly, the aqueous biocidal 
solutions called for in each of the newly added independent claims differs from the aqueous 
N-bromosulfamate solutions described in Goodenough by the presence of N-chlorosulfamate. 
It follows that the proper inquiry under Section 103 for the newly added claims is whether in 
the first instance it would have been obvious at the time of the present invention to even 
prepare and use an aqueous biocidal solution comprising N-bromosulfamate and N- 
chlorosulfamate. As elaborated below, at the date of Applicants' invention, one of skill in the 
art would not have been led to prepare and use, or seen any benefit in preparing and using, an 
aqueous biocidal solution comprising N-bromosulfamate and N-chlorosulfamate for use in 
microbiological control of cooling waters and disinfection of waste treatment systems. 

Applicants first note that as of the date of Applicants' invention, bromine based 
biocides (stabilized or unstabilized) were considered to have significant advantages over 
chlorine based biocides (stabilized or unstabilized) for microbiological control in water 
systems. See for example: 

1. Page 1, lines 8-12 of the present application; 

2. U.S. Patent 5,476,670 (attached as APPENDIX B, column 3, line 40 - col. 4, 
line 40; 

3. U.S. Patent 5,516,501 (attached as APPENDIX E, column 1, lines 30-63 and 
column 2, lines 4-11; 

4. U.S. Patent 3,316,173 (naming Mills and Goodenough as inventors) (attached 
as APPENDIX F, column 1, lines 19-72; and 

5. U.S. Patent 5,795,487 (attached as APPENDIX G, column 1, lines 33-35; 
column 9, line 64 - column 10, line 4; column 11, line 38 - column 12, line 
20; column 13, lines 19-59. 

This preference of bromine over chlorine in the water treatment art specifically included a 
preference to use biocidal solutions containing N-bromosulfamate over biocidal solutions 
containing N-chlorosulfamate. See U.S. Patent 4,992,209 (attached as APPENDIX H, 
column 1, line 68 - column 2, line 2. As reflected in these references, there are many reasons 
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for the preference of bromine over chlorine. Consistent with this industry preference, 

Applicants were not aware prior to the work leading up to the present invention of any 

attempts in the water treatment industry to produce a stabilized mixed chlorine and bromine 

aqueous biocidal solution. Apparently others in the art were also not aware of any such 

attempts. Applicants note for example, U.S. Patent 7,045,153, having a filing date of June 

2003 (and thus not prior art to the present application), states: 

there is a need for [stabilized] liquid biocidal compositions based on 
mixtures of bromine and chlorine. No such compositions have ever been 
reported. All of the prior efforts have been directed toward the preparation 
of compositions in which bromine is the sole active ingredient, primarily 
because of the superior biocidal performance of bromine compounds 
compared to chlorine compounds. 

See U.S. Patent 7,045,153 (attached as APPPENDIX I), col. 4, lines 10-21. 

Second, Applicants note that as of the date of the present invention, it was already 
appreciated by those of skill in the art that even among stabilized chlorine -based biocides, N- 
chlorosulfamate was considered a less effective biocide than other stabilized chlorine-based 
biocides. See U.S. Patent 5,565,109 (attached as APPENDIX J: column 1, lines 18-29; 
column 1, line 56 - column 2, line 2; column 2, line 60 - column 3, line 27; and Example 5 at 
columns 6-7). In fact, previous attempts to commercialize N-chlorosulfamate based biocides 
achieved very limited commercial success, presumably due to the weak biocidal activity of 
N-chlorosulfamate. See Urtz, B., Combined Halogens: New Products to Combat an Old 
Problem, Solutions! (Attached as APPENDIX K), page 1, paragraph 4. 

It follows from the above that even assuming for the sake of argument that one of skill 
in the art had contemplated producing an aqueous biocidal solution comprising a stabilized 
chlorine compound in addition to a stabilized bromine compound (such as N- 
bromosulfamate), the skilled artisan, expecting the two halogen compounds to only have an 
additive effect at best, would have had ample reason to select a stabilized chlorine compound 
other than N-chlorosulfamate. Subsequent to the date of the present invention, however, and 
contrary to the teachings in the art, it has been determined that even in highly dilute 
concentrations, such as those encountered following addition of bromide and N- 
chlorosulfamate to a water system, N-chlorosulfamate oxidizes bromide to form 
hypobromous acid (BrOH) and hypobromite (BrO ) and possibly N-bromosulfamate. See, 
for example: 
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1 . U.S. Patent 6,478,972 (attached as APPENDIX L), having a filing date of 
June, 2000 (and thus not prior art to the present application), column 2, line 61 
- column 3, line 11; column 6, lines 1-41; column 7, lines 23-30; and 
Examples 1-4 at columns 8-11; 

2. U.S. Patent 7,045,153 (attached as APPENDIX I), having a filing date of June 
2003 (and thus not prior art to the present application), column 10, line 54 - 
column 11, line 4; and 

3. U.S. Patent 6,669,904 (attached as APPENDIX O), having a filing date of 
August, 2001 (and thus not prior art to the present application), Example 2 at 
column 4. 

In addition, Applicants note that it is well known in the art that in the process of 
killing microorganisms or oxidizing organic material, hypobromous acid is reduced to form 
bromide ion. See, for example, U.S. Patent 5,476,670 (attached as APPENDIX B), col. 6, 
lines 3-9. Since the aqueous biocidal solutions called for in the newly added claims comprise 
N-chlorosulfamate, and in use generate bromide ions (following reduction of hypobromite 
originating from N-bromosulfamate), it follows that the aqueous biocidal solutions when used 
as claimed would exhibit an extended residual biocidal activity (in comparison to 
Goodenough's biocidal solutions which only contain N-bromosulfamate) consistent with the 
phenomena described in U.S. Patent 6,478,972 and U.S. Patent 6,669,904. Moreover, 
because the ability of N-chlorosulfamate to oxidize bromide to form hypobromous acid in 
highly dilute concentrations, such as those encountered following addition of bromide and N- 
chlorosulfamate to a water system, was not known as of the date of the present invention, the 
extended residual biocidal activity represents an unexpected property of the aqueous biocidal 
solutions present when used as claimed. 

Finally, Applicants respectfully wish to convey to the Examiner that as per the MPEP, 
the fact that the unexpected property of extended residual biological activity of the claimed 
aqueous biocidal solutions in use is not disclosed in the specification does not mean the 
Examiner can discount the above evidence and arguments, where as here, the unexpected 
property inherently flows from its disclosed use for the microbiological control of cooling 
waters and disinfection waste treatment systems. See MPEP 716.02(f) (citing In re Zenitz, 
333 F.2d 924, 928, 142 USPQ 158, 161 (CCPA 1964) (evidence that claimed compound 
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minimized side effects of hypotensive activity must be considered because this undisclosed 
property would inherently flow from disclosed use as tranquilizer). 

In view of the above arguments, Applicants submit that all of the newly added claims 
are clearly patentable over the prior art. Consideration and allowance are respectfully 
solicited. 

If matters remain requiring further consideration, the Examiner is respectfully 
requested to telephone the undersigned so that such matters may be discussed and, if possible, 
can be promptly resolved. 

Respectfully submitted, 
/John F. Sieberth/ 
John F. Sieberth 
Reg. No. 17,704 
McGlinchey Stafford, PLLC 
Attn: IP Group 

301 Main Street, Fourteenth Floor 
Baton Rouge, LA 70802 

Telephone: 225-383-9000 
Facsimile: 225-343-3076 
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APPENDIX 
A 



SECOND DECLARATION OF B. GARY McKINNIE 

I, B. Gary McKinnie, declare as follows: 
I am the same B. Gary McKinnie who provided a previous declaration for 
interference nos. 105,222, 105,223 and 105,230. 

I have held various technical titles within Ethyl / Albemarle Corp. (Chemist, Senior 
chemist, Specialist, Senior Specialist, Advisor, Senior Advisor) and in 2000 was 
promoted to Distinguished Advisor. 

Since 1983 I have conducted research and development of processes for producing 
bromine, brominated flame retardants and other brornine-related products. Since 
2000 1 have carried out research and development work on processes for making 
bromine-based biocides. 

In 2000 as part of my research duties at Albemarle I personally conducted lab 
experiments to determine the N-halo compound make-up (specifically, the presence 
of N-bromosulfamate and N-chlorosulfamate) of abiocide solution which results 
from adding bromine chloride (pre-prepared or made inline) to an aqueous alkali 
metal sulfamate solution formed from water, sulfamic acid and sodium hydroxide (an 
alkali metal base). I also experimented adding bromine first, then chlorine, to the 
same aqueous alkali metal sulfamate solution. 

The method used to determine the presence of N-halo compounds in the resulting 
composition was as follows. 

a. Hach Company (Loveland, CO) has two color tests developed to measure 

"free chlorine" and "total chlorine" in water at the few part per million (ppm) 

level. It is based on the chlorine oxidation of N,N-diethyl-p- 

j Moore EXHIBIT 1073 

Yang v. Moore 

Interference 105,22; 105,223 and 105,230 
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promoted to Distinguished Advisor. 

3. Since 1983 I have conducted research and development of processes for producing 
bromine, brominated flame retardants and other bromine-related products. Since 
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from adding bromine chloride (pre-prepared or made inline) to an aqueous alkali 
metal sulfamate solution formed from water, sulfamic acid and sodium hydroxide (an 
alkali metal base). I also experimented adding bromine first, then chlorine, to the 
same aqueous alkali metal sulfamate solution. 

5. The method used to determine the presence of N-halo compounds in the resulting 
composition was as follows. 

a. Hach Company (Loveland, CO) has two color tests developed to measure 
"free chlorine" and "total chlorine" in water at the few part per million (ppm) 
level. It is based on the chlorine oxidation of N,N-diethyl-p- 
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phenylenediamines (DPD) to a Wurster dye that is highly colored, the 
intensity of which is proportional to the amount of oxidation that has 
occurred. EXHIBIT 1074, p. 2, col. 2, If 1-2. 

b. N-chloro compounds are very slow to oxidize DPD but in the presence of a 
trace of iodide the oxidation does occur rapidly. EXHIBIT 1074, p. 3, col. 1, 
II- 

c. While N-chloro compounds are very slow to oxidize DPD in the absence of 
iodide, N-bromo compounds do oxidize DPD in the absence of iodide. 

d. Thus, carrying out the analysis in the absence of iodide gives the quantity of 
N-bromo compound. Repeating the analysis in the presence of iodide gives 
the total oxidant level, which is a measure of both the N-bromo and N-chloro 
compounds. The ratio of the N-bromo to total oxidant level represents the 
mole fraction of N-bromo compounds present in the final biocide solution. 

e. One limitation of the above method is that since the test relies upon the slow 
reaction of N-Cl with DPD in the absence of iodide, the accuracy of the test 
when a large ratio of the N-halo compound is N-chloro (say 50% or more) can 
result in an erroneously high reading of N-bromo compound. 

6. When the pH of the aqueous alkali metal sulfamate solution prior to bromine chloride 
addition has a pH above 13, and upon simultaneous addition of bromine chloride with 
sodium hydroxide in order to maintain the pH above 13, only about 80 mole % of the 
N-halo sulfamate compound formed was N-bromosulfamate. The remaining about 20 
mole % N-halo compound formed was N-chlorosulfamate. Similar results were 
achieved regardless of whether the bromine chloride was pre-prepared or made inline. 
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7. The above results were consistent with the fact that bromine chloride exists as an 
equilibrium mixture of 20 mole % Br 2 , 20 mole % Cl 2 , and 60 mole % BrCl. 

8. By contrast, keeping the other conditions the same, but instead of using BrCl, adding 
First bromine, then an equal amount of chlorine, only about 60 mole % of the N-halo 
sulfamate solution formed was N-bromosulfamate. 

9. These differences in results demonstrate there is little or no oxidation of bromide to 
bromine by chlorine (reaction (1), below) or to hypobromite by hypochlorite (reaction 
(2), below) (either of which if occurred would prevent formation of N- 
chlorosulfamate), nor is there an N-chloro to N-bromo exchange occurring at pH 
above 13 (reaction (3), below). In other words, the following reactions do not occur 
at pH above 13: 

CI 2 + NaBr -» BrCl + NaCl (1) 
NaOCl + NaBr-^ NaOBr + NaCl (2) 
ClHN-S0 3 Na + NaBr -» BrHN-S0 3 Na + NaCl (3) 
Had any of these reactions occurred, then there would be no difference in using 
bromine or BrCl as the final percentage of N-bromosulfamate would have been about 
the same in both sets of experiments. 

10. In summary, the overall reactions believed to occur upon bromine chloride addition to 
an alkali metal sulfamate solution at high pH are believed to be as follows: 
H 2 N-S0 3 H + Br 2 + 2 NaOH -» BrHN-S0 3 Na + NaBr + 2 H 2 0 

H2N-SO3H + BrCl + 2 NaOH -> BrHN-S0 3 Na + NaCl + 2 H 2 0 
H 2 N-S0 3 H + Cl 2 + 2 NaOH -> ClHN-S0 3 Na + NaCl + 2 H 2 0 
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11. The fact that reaction (2) (paragraph 9, above) does not occur at high pH is in contrast 
to what occurs at neutral pH. Specifically, the oxidation of bromide via the reaction: 
HOC1 + HBr -> HOBr + HC1 

is known to occur fairly rapidly in water at neutral pH. EXHIBIT 2011, p. 8 (cover 
counted as page 1), last paragraph. Accordingly, in water, bromine chloride appears 
to hydrolyze completely to hypobromous acid (HOBr). Id. 

12. To my knowledge, the fact that oxidation of bromide does not occur at high pH, as 
demonstrated by the above experiments, was not known in the art prior to 2000. 
Accordingly, I had no expectation prior to performing the above experiments that use 
of bromine chloride in the process would not be equivalent to using bromine. For the 
same reason, I also did not have any reason to expect that the process would be 
equivalent to using bromine. 

13. Count 1 of Interference No. 105,230 is identical to claim 1 of Yang's U.S. Patent No. 
6,287,473. Count 1 of Interference No. 105,222 is identical to claim 14 of Yang's 
U.S. Patent No. 6,423,267. I have been instructed by Moore's attorney's to interpret 
the scope of these counts in a manner which is consistent with the patent from which 
each count originates. 

a. As noted in my first declaration, one of skill in the art would interpret the 
"caustic solution" recited in claim 1 of the '473 patent and claim 14 of the 
'267 patent as having a pH higher than 14. EXHIBIT 1001, If 44, 44(b), 93, 
and 93(b). 
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b. Accordingly, one of skill in the art would interpret the "caustic solution" 
recited in Count 1 of the '222 interference and Count 1 of the '230 
interference as having a pH higher than 14. 

c. In view of the results of the experiments described above (If 4-10), I would 
expect that the immediate product of the process steps recited in Count 1 of 
the '230 interference, wherein sulfamic acid is used as the halogen stabilizer, 
to be a composition comprising N-bromosulfamate, N-chlorosulfamate, a 
bromide salt (for example, NaBr), and a chloride salt (NaCl). The 
composition could further comprise N,N-dibromosulfamate, N-bromo-N- 
chlorosulfamate, and N,N-dichlorosulfamate. 

d. I would expect that the immediate product of the process steps recited in 
Count 1 of the '222 interference, wherein sulfamic acid is used as the halogen 
stabilizer, to be a composition comprising N-bromosulfamate and a bromide 
salt. The composition could further comprise N,N-dibromosulfamate. 

14. Thus the immediate composition which results from the process recited in Count 1 of 
the '230 interference would contain the additional compounds N-chlorosulfamate and 
a chloride salt. The composition may further differ by containing N-bromo-N- 
chlorosulfamate, and N,N-dichlorosulfamate. 

15. 1 have reviewed the Declarations of Dr. Shunong Yang, Dr. Jack Mills, and John A. 
Wojtowicz. 

16. At 11 47-53 of the Yang Decl., Dr. Yang cites a number of references for the 
proposition that bromine and bromine chloride are interchangeable in the process 
recited in Count 1 of the '222 interference. 
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a. The first reference, cited in f 47, is Moore's U.S. Patent No. 6,068,861, col. 1, 
11. 28-67. This section of the '861 patent describes the recognition in the art 
that both bromine and bromine chloride could be used as a biocide by direct 
introduction into a water system. 

b. The second reference, cited in H 48-49, is a paper titled 'The Chemistry of 
Bromine Chloride in Waste Water Disinfection." EXHIBIT 2009, p. 1. This 
reference only relates to the direct use of bromine chloride for wastewater 
treatment as a substitute for either bromine or chlorine. See, for example, 
EXHIBIT 2009, p. 6, "Conclusion". 

c. The third reference, cited in f 50, is a product bulletin published by Dow 
Corporation. EXHIBIT 2010. This reference proposes bromine chloride as a 
viable alternative to chlorination for industrial cooling water systems. See, for 
example, EXHIBIT 2010, p. 1, col. 1, f 1 and col. 2, ff 1-2 (not including 
bullet points). 

d. The fourth reference, cited in f 5 1 , is a brochure published by the Ethyl 
Corporation. EXHIBIT 2011. Similar to the above two references, the 
brochure advocates the advantages of using directly using bromine chloride 
over chlorine in water treatment. EXHIBIT 2011, p. 2 (counting cover as p. 
1). 

17. All of the references cited by Dr. Yang relate to use of bromine chloride in water 
treatment. Industrial water systems generally have a pH between 7 and 9. Thus the 
similarity in reactions which bromine and bromine chloride undergo in a water 
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system having a pH in this range cannot be predictably extrapolated to the high pH 
conditions called for in the "caustic solution" of Count 1 of the '222 interference. 
18. At 1 47 of the Mills Decl., Dr. Mill cites his own paper (EXHIBIT 2014) for the 
proposition that in most bromination reactions, bromine chloride could be used 
instead of bromine. Thus, Dr. Mill asserts, it would have been obvious to use 
bromine chloride instead of bromine in the process recited in Count 1 of the '222 
interference. 

a. Consistent with what was known in the art (see f 11, above) Dr. Mills paper 
teaches that upon to addition to water (pH ~ 7), any bromide formed upon 
addition of BrCl to water would quickly be oxidized via the reaction: 

HOC1 + HBr -> HOBr + HC1 
EXHIBIT 2014, p. 164, col. 2, section on "Reactions of Bromine Chloride 
with Water". 

b. I have reviewed EXHIBIT 2014 and would agree with Dr. Mills that bromine 
chloride could be used as a substitute for bromine in the reactions discussed in 
this reference. 

c. However, the process recited in Count 1 of the '222 interference is not 
discussed in Dr. Mills paper. Further, nothing in the paper suggests that 
bromine chloride and bromine are equivalent at the high pH called for in the 
"caustic solution" of Count 1 of the '222 interference. 

19. As noted Dr. Mills paper, chlorination side reactions represented a significant concern 
since BrCl exists in an equilibrium mixture containing Br 2 and Cl 2 . EXHIBIT 2014, 
p. 160, col. 2, last paragraph. In my opinion, Dr. Mills paper would not have 
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suggested to one of skill in the art that N-chloro compounds would not be produced 
using bromine chloride under the high pH conditions called for in the "caustic 
solution" of Count 1 of the '222 interference or that the levels of N-bromo 
compounds would be equivalent to using bromine in the process. 
20. At fl 49-54 of the Wojtowicz, Mr. Wojtowicz cites a number of references for the 
proposition that the substitution of bromine chloride in the process recited in Count 1 
of the '222 interference would have been obvious. 

a. Based on my reading of these paragraphs, Mr. Wojtowicz fails to account for 
the fact that bromine chloride contains around 20% bromine, around 20% 
chlorine, and around 60% BrCl. 

b. Therefore, f 50 of the Wojtowicz Decl., which asserts that both Br 2 and BrCl 
contain the same molar amount of "available bromine" (i.e., bromine in the +1 
oxidation state) is factually incorrect. One mole of BrCl would only contain 
0.8 moles of available bromine, whereas Br2 would contain 1 mole of 
available bromine. 

c. Similarly, fl 5 1-52 of the Wojtowicz Decl., which compares the reactions of 
single Br 2 and BrCl molecules with base, fails to account for the fact that 
liquid bromine chloride comprises around 20% bromine and around 20% 
chlorine. Accordingly, H 51-52 of the Wojtowicz Decl. are not predictive of 
the composition which results from substitution of bromine chloride for 
bromine under the high pH conditions called for in the "caustic solution" of 
Count 1 of the '222 interference. 



d. Since liquid bromine chloride contains around 20% bromine and around 20% 
chlorine, the following reactions would be expected to occur upon addition of 
bromine chloride to an aqueous base (NaOH) solution: 

Br 2 + 2 NaOH -> NaOBr + NaBr + H 2 0 
Cl 2 + 2 NaOH -> NaOCl + NaCl + H 2 0 
BrCl + 2 NaOH -> NaOBr + NaCl + H 2 0 

I hereby declare under penalty of perjury that all of the statements made by me 
herein are true. 

Date: /¥, ^ 0O$> I .^W ^A^^ 

B. Gary M;Kinnie 

380984v) y 
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[57] ABSTRACT 

Improved biocidal composition and method for controlling 
biofouling and microorganism population levels in recircu- 
lating water systems such as cooling towers, swimming 
pools or spas is disclosed and claimed. The composition 
comprises a hypochlorite donor and a bromide ion donor in 
proportions selected to maintain a mole ratio of the sum of 
all bromine containing species to the sum of all hypohalite 
species in the recirculating water of about 0.2 to about 20. 
The method comprises introducing into the recirculating 
water a mixture or combination of a hypochlorite donor and 
a bromide ion donor in an amount sufficient to maintain a 
ratio of the sum of all bromine containing species to the sum 
of all species in the recirculating water in the range of about 
0.2 to about 20. In addition, a bromine volatilization sup- 
pressant may be introduced into the recirculating water to 
inhibit loss of bromide ion through volatilization of bromine 
containing species formed by reaction of the hypochlorite 
donor and the bromide ion donor. One or more scale 
inhibitors and compacting aids may also be added. 

28 Claims, 4 Drawing Sheets 
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This application is a continuation of application Ser. No. 
08/212,287, filed Mar. 14, 1994, now U.S. Pat. No. 5,464, 
636, which is a continuation of application Ser. No. 07/750, 
744, filed Aug. 21, 1991, now abandoned; which is a 
continuation of 07/366,936, filed Jun.6, 1989, now aban- 
doned. 

BACKGROUND OF THE INVENTION i 
1. Field of the Invention 

This invention relates to the disinfection of water and to 
the control of biofouling in recirculating water systems such 
as cooling towers, evaporative condensers, air washers, 
swimming pools, hot tubs, and spas. 

The invention more especially concerns methods and 
compositions for controlling biofouling and microorganism 
population levels in such systems wherein water soluble 
hypochlorite donors and bromide ion donors are added to the 
systems so as to improve biocidal effectiveness with reduced 2 

As used herein, the term "hypochlorite donor" means any 
compound that will generate hypochlorite species when 



m of bromine existing in the water in chemical 
combination with ammonia or organic nitrogen compounds. 

The terms "total halogen" and "total available halogen" 
are used interchangeably and are defined as the sum of "free 
halogen" (or "free available halogen") and "combined halo- 
gen" (or "combined available halogen"). 

The terms "total chlorine" and "total available chlorine" 
are used interchangeably and mean the same as "total 
halogen" and "total available halogen" but specifically refer 



The term "bromide ion donor" means any compound that 
will generate bromide ions when dissolved in water. 

The term "available halogen" means the standard form for 
expressing the strengths or capacities of halogenating 
chemicals as well as for the doses in which they are applied 
and for the hypohalite species (HOC1, 0C1~ HOBr, OBr) 
which remain in the water. 

The term "available chlorine" means the same as "avail- 
able halogen", but refers specifically to chlorine compounds. 

The term "available bromine" means the same as "avail- 35 
able halogen", but refers specifically to bromine compounds. 

The term "hypohalite species" means hypochlorous acid, 
hypochlorite ion, hypobromous acid and hypobromite ion. 

The term "hypochlorite species" means hypochlorous 
acid and hypochlorite ion. 40 

The term "hypobromite species" means hypobromous 
acid and hypobromite ion. 

The term "bromine species" means hypobromous acid, 
hypobromite ion, and bromide ion. 

The terms "free halogen" and "free available halogen" are 45 
used interchangeably and are defined as the concentration of 
halogen existing in the water as hypohalous acid, HOX, and 
hypohalite ion, OX~, where X is CI or Br. 

The terms "free chlorine" and "free available chlorine" 
are used interchangeably and are defined as the concentra- 50 
Hon of chlorine existing in the water as hypochlorous acid, 
HOC1, and hypochlorite ion, OCr. 

The terms "free bromine" and "free available bromine" 
are used interchangeably and are defined as the concentra- 
tion of bromine existing in the water as hypobromous acid, 
HOBr, and hypobromite ion, OBr". 

The terms "combined halogen" and "combined available 
halogen" are used interchangeably and are defined as the 
concentration of halogen existing in the water in chemical g 0 
combination with ammonia or organic nitrogen compounds. 

The terms "combined chlorine" and "combined available 
chlorine" are used interchangeably and are defined as the 
concentration of chlorine existing in the water in chemical 
combination with ammonia or organic nitrogen compounds. 65 
The terms "combined bromine" and "combined available 
bromine" are used interchangeably and are defined as the 



The terms "total bromine" or "total available bromine" 
are used interchangeably and mean the same as "total 
halogen" and "total available halogen" but specifically refer 
to bromine. 

The symbol "FAvC" represents "free chlorine" and "free 
available chlorine" concentrations in the water. 

The symbol "AvC" represents the available chlorine con- 
tent of the hypochlorite donor. 
, The term "halogen demand" is defined as the amount of 
halogen which must be added to the water over a specific 
period of time to maintain the "free halogen" and/or "free 
available halogen" at a specific concentration in the water. 

The term "chlorine demand" means the same as the 
"halogen demand" but specifically refers to "free chlorine" 
and/or "free available chlorine" concentrations. 

The term "chlorinated isocyanuric acid derivative" means 
chlorinated isocyanuric acid including dichlorinated and 
trichlorinated isocyanuric acid, alkali metal and alkaline 
earth metal salts of chlorinated isocyanuric acid, and 
hydrates, complexes and mixtures thereof. 

The term "hydantoin derivative" means an unsubstituted, 
halogenated (i.e. chlorinated or brominated), or alkylated 
hydantoin. 

The term "sulfamic acid derivative" means unsubstituted, 
halogenated, or alkylated sulfamic acid. 

The term "sulfonamide derivative" means halogenated, 
alkylated, or arylated sulfonamide. 

The term "glycoluril derivative" means unsubstituted, 
halogenated, or alkylated glycoluril. 

The term "succinimidc derivative" means unsubstituted, 
halogenated, or alkylated si 



tuted, 



"oxazolidinone derivative" means an unsubsti- 
l, alkylated, or arylated oxazolidinone. 
The term "imidazolidinone derivative" means an unsub- 
stituted, halogenated, alkylated, or arylated imidazolidinone. 

The term "halogen concentration (free chlorine basis or 
free available chlorine basis)" means the halogen concen- 
tration in terms of free available chlorine, regardless of 
whether the halogen species are hypochlorite, hypobromite 
or mixtures thereof. 
2. Related Art 

Cooling towers are used to provide cooling for the air 
conditioning systems of office buildings, hotels and hospi- 
tals and to provide cooling for industrial processes. The 
water in these towers is subject to contamination from the air 
blown through the tower and from the fresh water used to 
compensate for evaporative losses and blowdown. The con- 
tamination consists of both inorganic and organic debris as 
well as live microorganisms capable of growing and multi- 
plying if suitable conditions are provided. Formation of 
microbial deposits, known as biofouling, can occur on 
almost any surface exposed to an aqueous environment, 
causing substantial energy losses due to increased heat 
transfer resistance. For this and other reasons, cooling 
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towers are adversely affected by microorganisms, e.g. bac- 
teria, fungi, molds, and algae, by either sheer numbers of 
organisms, metabolic waste products generated, health haz- 
ards presented, or deposits created. Unfortunately, cooling 
towers provide many of the conditions ideal for microbial < 
growth, namely favorable temperatures and moisture levels, 
and favorable concentrations of air and nutrients. 

Air washers are used to cool, cleanse, and humidify the air 
in office buildings, factories, shopping malls, and die like. 
Due to the large amount of air drawn through the water, the i 
growth of microorganisms is again a problem. Since the air 
is used directly for inhabited areas, the toxicity and odor of 
any compounds used for treatment of the water in the air 
washers must be extremely low. 

Similarly, water in swimming pools, hot tubs and spas ( 
must be sanitized in order to control disease spreading 
microorganisms. As with air washers, the toxicity and odor 
of compounds used to treat the water must be extremely low. 

It is customary to treat biologically contaminated water 
with one or more biocides to control the population of 2 
microorganisms in the water, to prevent fouling of heat 
exchanger surfaces, and to prevent the spread of disease. The 
biocides most commonly used to disinfect and sanitize water 
in recirculating water systems are chemicals that generate 
hypochlorite species when dissolved in water. There are ^ 
many hypochlorite generating chemicals, but the more com- 
mon ones are chlorine gas, alkali metal hypochlorites such 
as sodium hypochlorite, alkaline earth metal hypochlorites 
such as calcium hypochlorite, chlorinated hydantoins, and 
chlorinated isocyanuric acid derivatives. 3 

Dry sources of biocide are often preferable to gaseous or 
even liquid forms because the dry forms are often safer to 
handle, more convenient to store and use, and more stable in 
storage. Moreover, one or more dry products may conve- 
niently be fed to a recirculating water system using an 3 
erosion feeder in which water is passed through a bed of 
solid biocide to slowly dissolve the biocide and is then added 
to the recirculating water. One such erosion feeder is 
described in U.S. Pat. No. 3,412,021. 

The different forms of hypochlorite donors all work by 4 
generating hypochlorous acid (HOC!) in solution, which 
provides the significant biocidal action. Hypochlorous acid 
has strong biocidal properties under the proper conditions. 
Its killing power is adversely affected, however, by alkaline 
pH levels and by the presence of ammonia or other nitrog- 4 
enous material. 

The pH of cooling water is typically regulated in the range 
of 8.0 to 9.0 for alkaline corrosion protection. At pH levels 
above 7.5, chlorine-based biocides become less effective 
because of the equilibrium shift from hypochlorous acid to 5 
hypochlorite ion. 

HOCl ±f OCT + H + (1) 



Hypochlorite species react with ammonia to form chloram- 
ines. Since chlorine is bound very strongly by nitrogen, the 
chlorine is not readily released by chloramines to the water 
as hypochlorite species, and the biocidal activity of the 
chlorine-based biocide is, therefore, greatly reduced. The 
fact that the chloramines are relatively stable chlorine com- 
pounds also makes it more difficult for some cooling tower 
systems to comply with the EPA total halogen (free halo- 
gen+cornbined halogen) discharge limit of 0.2 ppm. In some 
cases, these cooling tower systems frequently have to 
dechlorinate the discharge water in order to be in compli- 
ance. Moreover, chloramines have a disagreeable and irri- 
tating odor. They can be converted to odorless nitrogen gas 
by maintaining the appropriate free chlorine concentration in 
the recirculating water, but some chloramines are still vola- 
tilized into the air. Even though the amounts are negligible, 
chloramine odors are still noticeable. Chloramine odor is an 
important issue with indoor pools and spas because the air 
containing the volatilized chloramines is retained in the 
buildings long enough for the chloramine concentration to 
accumulate to levels that are objectionable to the consumer. 
Thus, the formation of chloramines in recirculating water 
can present a serious obstacle to the use of chlorine-based 
biocides. 

Hypobromous acid (HOBr), which can be generated from 
a number of compounds including liquid bromine and 
N-bromo organic compounds or by reacting a bromide salt 
with a solution of hypochlorous acid or other oxidizing 
agents, is a more effective biocide on a molar basis than 
hypochlorous acid. Under some conditions, this superiority 
is quite dramatic. In particular, hypobromous acid is known 
to react with ammonia to produce bromamines. Bro- 
mamines, unlike chloramines, have very good biocidal 
activity and have a more acceptable odor. Bromamines also 
have a distinct advantage over chloramines because they 
dissipate more readily, thereby making it easier to operate 
cooling towers in compliance with the ERA limits for total 
halogen. In addition, hypobromite species are more effective 
than hypochlorite species at pH values above 7.5 due to the 
higher pK value for the equilibrium shift from hypobromous 
acid to hypobromite ion. 

HOBr tf OBr + H* (2) 

tOBrlIH+1 



: 8.5 (at 20° C.) 



pK=-log[ 



IHOC1] 



= 7.5 (at 20° C.) 



The hypochlorite ion cannot easily penetrate 
cell membranes, while the uncharged hypochlorous acid can 60 
passively diffuse into cells to cause damage. 

Water in recirculating water systems is also frequently 
contaminated with ammonia due to the decomposition of 
nitrogenous impurities in the water or to the leakage of 
ammonia from refrigeration units into the cooling water. 65 
Ammonia or chloramines are also commonly introduced 
into the recirculating water system by the makeup water. 



In most cases where hypobromous acid is used as a 
biocidal agent, the hypobromous acid generating composi- 
tion contains a large weight percentage of bromine. Liquid 
bromine, for example, is 100% bromine by weight and 
l-bromo-3-chloro-5,5-dimethylhydantoin (BCDMH) is 
32.8% bromine by weight. This practice leads to higher costs 
for the bromine-based biocides since the cost of bromine is 
about three times the cost of chlorine per pound. Since 2.25 
pounds of bromine contain the same number of moles of 
available halogen as only 1.0 pound of chlorine, bromine is 
over seven times more expensive than chlorine on a per mole 
basis. Even though hypobromous acid is generally superior 
' hypochlorous acid, the higher cost of bromine has limited 



theui 



of bi 



Nevertheless, in the past few years several products have 
been introduced into the cooling tower marketplace which 
take advantage of the bromine chemistry. In 1982, Nalco 
introduced a bromine-based product (tradename Actibrom) 
for use in large scale cooling towers. These towers already 
had chlorinators injecting gaseous chlorine for disinfection. 
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Actibrom is simply an aqueous solution of sodium bromide, 
and is typically added in proportion to the chlorine gas using 
a separate feeder. See U.S. Pat. No. 4,451,376. Another 
bromine-based biocide, l-bromo-3 -chloro-5,5-dimethylhy- 
dantoin (BCDMH) was introduced into the cooling tower . 
marketplace by Great Lakes Chemical. See U.S. Pat. No. 
4,297,224. 

Bromine sanitizers have also gained some measure of 
popularity for indoor pool and spa applications, because the 
odor of the bromamines, formed by reaction of hypobromite 
species with nitrogenous wastes, is less objectionable to the 
consumer. Bromine sanitizers, however, have not been 
popular for outdoor pools because the hypobromite species 
are rapidly dissipated in sunlight and the sanitizer costs are 
considerably higher than chlorine sanitizers with cyanuric 

Potassium monopersulfate and sodium bromide have 
been marketed together as a bromine sanitizer system for spa 
applications. The recommended practice is to dose the spa 
water with sodium bromide (usually as a solution) and then 
add the recommended dosages of potassium monopersulfate 2 
as needed. Hypobromous acid is generated by oxidation of 
the bromide ion with persulfate ions as shown by the 
following equation: 



531 andU.S. Pat. Nos. 2,815,311; 3,975,271; and 4,119,535. 
The hypobromous acid formed by the above equation is the 
active biocide. However, in the process of killing microor- 
ganisms or oxidizing organic material, the hypobromous 
acid is reduced to form bromide ion, as shown by the 
following equation: 

HOBr+micn)oiganisms->dead microorganisms+Br+HjO (7) 

Thus, the bromide ion can be reused to generate more 
hypobromous acid by reaction with hypochlorite species as 
shown above in equations 6a and 6b. Because the bromide 
ion is continuously reused, only small amounts of bromide 
make a chlorine-based biocide in 
i with bromide salts perform as a bromine bio- 
Some prior art teaches that, when using mixtures of 
chlorine-based biocides in combination with bromide salts, 
large excesses of bromide ion should be maintained in the 
recirculating water. For example, British Patent No. 1327, 
531 describes a process for sanitizing swimming pool water 
wherein the concentration of bromide is maintained at 20.to 



KHS0 s .KHS0 4 +NaBr 



,+NaKSO, 



(3) 



Currently available dry sources of hypobromous acid 
suffer from a number of disadvantages in addition to their 
higher cost. The hydantoin products such as BCDM, 1,3 
-dichloro-5,5-dimethylhydantoin (CCDMH), 1,3-dibromo- 
5,5-dimethylhydantoin (BBDMH), l,3-dichloro-5-ethyl-5- 3 
methylhydantoin (CCEMH), and l-bromo-3-chloro-5-ethyl- 
5-methylhydantoin (BCEMH) have very low dissolution 
rates which necessitates the use of large feeder systems and 
high water flow rates. Moreover, in some cases it is desirable 
to add a large amount of available halogen at one time to 3 
rapidly clean up a recirculating water system. This is known 
as a "shock treatment". Such a treatment would be desired 
whenever a system has experienced a large amount of 
contamination or when microorganism growth has gotten 
out of control. However, the hydantoin products are gener- ' 
ally unsuited for this application due to their low dissolution 

In addition, the hydantoin products are not as effective 
biocides as might be expected based on the amount of 
hypobromous acid formed, because these products also ' 
release large amounts of 5,5-dimethylhydantoin (DMH) or 
5-ethyl-5-methylhydantoin (EMH) into the water, eventu- 
ally leading to the buildup of high concentrations of DMH 
or EMH in the water. High concentrations of DMH or EMH _ 
inhibit the biocidal activity of the hypobromous acid by : 
virtue of the following equilibria: 

HOBr+DMH±sH 2 0+BDMH (4) 
HOBr+EMHtsHjO+BEMH (5) ; 

where BDMH is bromo-DMH and BEMH is bromo-EMH. 
This effect has previously been noted in U.S. Pat. No. 
4,698,165. 

As an alternative to the hydantoins, hypobromous acid , 
may be prepared by reacting a bromide salt with a source of 
hypochlorite species according to the following equation: 

HOa+Br->HOBM-Cl- (6a) 

ocr+Br-*OBr+cr (6b) 1 

as previously taught, for example, in British Patent 1,327, 



50 mg per liter (expressed as sodium bromide) and the 
; concentration of the hypobromite species is maintained at 
0.4 mg/L. Other prior art, e.g., U.S. Pat No. 3,975,271, 
suggests that when hypobromous acid is generated by react- 
ing a bromide salt with a source of hypochlorous acid, the 
optimum mole ratio of chlorine to bromide is near 1. 
i However, no information is provided as to how to maintain 
the ratio near the optimum in the recirculating water while 
chlorine and bromide salts are being fed simultaneously to 
the system as well as being lost from the system. 



SUMMARY OF THE INVENTION 
This invention is broadly concerned with compositions 
and methods for controlling biofouling and microorganism 
population levels in recirculating water systems using com- 
positions or combinations of hypochlorite donors and bro- 
mide ion donors. 

The proportion of hypochlorite donor and bromide ion 
donor in the composition or combination added to the 
system is selected to maintain an optimum ratio of all 
bromine containing species to the sum of all hypohalite 
species in the recirculating water. It has now been found that 
significant amounts of bromide ion are lost from recirculat- 
ing water systems through the pathways of volatilization of 
hypobromous acid and bromamines and of formation of 
stable organobromine compounds. Moreover, hypochlorite 
species, hypobromite species, and bromide ion are lost from 
the recirculating water at different rates. These loss rates 
must be known in order to prescribe at what rates to feed the 
hypochlorite donor and bromide ion donor to the water to 
compensate for the losses and maintain the desired steady 
state concentrations. 

It is very important, therefore, to control the chemistries 
of the reactions of the hypochlorite species with the bromide 

i ion (equations 6a and 6b) in a dynamic system. More 
specifically, it is critical to control the mole ratio of the sum 
of all bromine-containing species (HOBr, OBr~ and Br - ) to 
the sum of all hypohalite species (HOBr, OBr~ HOC1 and 
OCl _ ) present in the water. For the purposes of this discus- 

i sion, this mole ratio will be referred to herein as the 
"cMorine-to-bromine conversion ratio" or "Conversion 
Ratio" ("CR") and will be written as: 
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nolesof(HOBr + OBr- 



+ OCT) 



This ratio will be used hereafter because it is a i 
way to express the instantaneous measure of the extent of 
conversion of the hypochlorite species to hypobromite spe- 
cies. It is also a convenient way to establish if the hypochlo- 
rite donor/bromide ion donor compositions are actually io 
performing as a bromine biocide, a mixture of bromine and 
chlorine biocides, or as a chlorine biocide only. For example, 
consider the following four scenarios. 

In the first scenario, the recirculating water does not 
contain any bromide ion. It follows then that there will be no 15 
hypobromite species present. Since the [Br~]=0.0 and the 
[HOBr]=[OBr]=0.0, then hypochlorite species win have 
some finite values; e.g., 0.5 mole of HOC1 and 0.5 mole of 
OCT. Also, CR=0.0 as shown by the following calculation: 

20 

- (0.0 + 0.0 + 0.0) 0.0 _ nn 

(0.0 + 0.0 + 0.5 = 0.5) ~ 1.0 ~ uu 

Under these conditions, the biocide will perform as a chlo- 
rine biocide. 25 

Assume in the second scenario that the recirculating water 
contains 0.5 mole of bromide ion, 0.5 mole of HOC1 and 0.5 
mole of OCr before the hypochlorite species/bromide ion 
reactions occur. Under these conditions, there is only enough 
bromide ion to satisfy one-half of the stoichiometric require- 
ments of the reactions outlined in equations 6a and 6b. 
Therefore, essentially all of the bromide ions will be con- 
verted to hypobromite species, but only one-half the 
hypochlorite species will be converted to hypobromite spe- 
cies. Also, one-half the hypochlorite species will still be 
present. Thus, the hypohalite species in the water will be a 
50/50 mixture of hypochlorite species and hypobromite 
species and the CR will be 0.5 as shown by the following 
calculation: 



[HOC1J = [OCT] = 0.0 
[HOBr] + [OBr] » 1.0 



(o:b+i.o) = T5~ =1U 

And, the hypochlorite donor/bromide ion donor composition 
will perform as a bromide biocide. 

Finally, in the fourth scenario, assume that the recirculat- 
ing water contains 1 .2 moles of bromide ion and 1 .0 mole of 
hypochlorite species before the hypochlorite species react 
with the bromide ion. Upon completion of these instanta- 
neous reactions, the recirculating water will contain essen- 
tially no hypochlorite species, 1.0 mole of hypobromite 
species and 0.2 mole of bromide ion. Accordingly, after the 
reactions, the Conversion Ratio will be 1.2 as shown below: 



[HOCl] = [OC1-] = OJ 
[HOBr] + [OBr] = 1. 
|Br] = 0.2 



[HOBr] + [OBr] = 0.5 mole 
fHOCl] + [OCT] = 0.5 mole 



.. losTas) =T<r= 0 - 5 

Since the hypochlorite donor/bromide ion donor compo- 5 
sition is capable of only maintaining a 0.5 Conversion Ratio, 
it will exhibit biocidal properties intermediate between that 
of a chlorine biocide and a bromine biocide. It follows then 
that any hypochlorite donor/bromide ion donor composition 
that maintains a Conversion Ratio between 0.0 and 1.0, will 5 
exhibit the same properties. 

In the third scenario, assume that there are 1.0 mole of 
bromide ion and 1.0 mole of hypochlorite species (0.5 mole 
of HOCl and 0.5 mole OCT) before the HOCl/Br~ and 
OCr/Br~ reactions occur. Under these circumstances, essen- 6 
dally all of the hypochlorite species will be converted to 
hypobromite species. Similarly, essentially all of the bro- 
mide ions will be converted to hypobromite species. Hence, 
there will be essentially no hypochlorite species and bro- 
mide ions left. As a consequence, after the reactions, the 6 
Conversion Ratio will be 1.0 as shown by the following 
calculation: 



the hypochlorite donor/bromide ion 
donor composition will perform as a bromine biocide. 

Thus, it is desirable to maintain the Conversion Ratio 
preferably at or slightly above 1.0. However, as will be 
shown later, there are circumstances where other Conversion 
Ratios are desirable. Hence, it is preferable to maintain the 
Conversion Ratio between about 0.2 and 20.0 and most 
preferably between 0.5 and 4.0. 

In order to control the Conversion Ratio to maintain a 
small excess of bromide ion, enough bromide ion must be 
fed to the water to compensate for any significant losses of 
bromine containing species. Bromide ion is, of course, lost 
from recirculating water systems through blowdown or 
turnover. These terms refer to water that is bled from the 
system, a practice necessary to keep dissolved solids from 
building up to the point where scaling occurs. However, 
there has been no recognition in the literature that bromide 
ion is lost by volatilization of hypobromous acid and bro- 
mamines when combinations of hypochlorite donors and 
bromide ion donors are used to generate hypobromite spe- 
cies. Moreover, the literature contains no recognition that 
significant bromide ion losses can occur through the reaction 
of hypobromite species with organic materials in the recir- 
culating water. Nor has the literature recognized the mag- 
nitude and the rate of bromide ion losses that can result from 
the volatilization and organobromine compound pathways. 
More importantly, the literature contains no recognition that 
knowledge of the bromide ion loss phenomenon may be 
used to develop compositions comprising hypochlorite 
donors and bromide ion donors that are capable of simul- 
taneously compensating for the bromide ion losses and 
satisfying the chlorine demand of the recirculating water. 
Without knowledge of bromide ion loss pathways, as will be 
shown in the detailed description of this invention, it is 
virtually impossible to develop commercial products that 
will perform like bromine-based biocides without using a 



large excess of bromide ion. Thus, all significant pathways 
of bromide ion loss must be accounted for in order to 
maintain an optimum Conversion Ratio in the recirculating 

The failure of the prior art to adequately compensate for . 
bromide ion loss is evident in the prior art's use of either 
large excesses of bromide ion or of insufficient amounts to 
maintain maximum biocidal activity. Any large excess of 
bromide ion is wasted since it is eventually discarded, for 
example, in the cooling tower blowdown or pool water 
turnover. Also, as will be shown in the detailed description 
of the present invention, a large excess of bromide ion is 
unnecessary because the physical and chemical dynamics of 
the recirculating water system will force the bromide ion 
concentration to a steady state condition. In many cases, this 
will result in considerable loss of bromide ion. As a conse- 15 
quence, it is preferable and more economical to supply only 
sufficient bromide ion to the recirculating water to maintain 
the Conversion Ratio at, or slightly above, 1.0 to ensure 
maximum biocidal effectiveness. 

In one aspect, the present invention provides a biocide 20 
composition containing a hypochlorite donor and a bromide 
ion donor in amounts sufficient to satisfy the chlorine 
demand of the system and maintain an optimum Conversion 
Ratio. 

In another aspect, the present invention provides a method 25 
of treating recirculating water which comprises the steps of 
ascertaining the rates of bromide ion loss from the system 
due to blowdown, volatilization, and formation of stable 
organobromine compounds and adding a hypochlorite donor 
and a bromide ion donor in amounts sufficient to compensate 30 
for the bromide ion losses and maintain an optimum Con- 
version Ratio. 

Suitable hypochlorite donors include gaseous chlorine, 
alkali metal and alkaline earth metal hypochlorites, chlori- 
nated hydantoins, chlorinated oxazolidinones, chlorinated 35 
imidazoUdinones, and chlorinated isocyanuric acid deriva- 

Suitable bromide ion donors include liquid bromine, 
bromine chloride, alkali metal and alkaline earth metal 
bromides, quaternary ammonium bromides, bromamines, 40 
brominated hydantoins, brominated sulfonamides, bromi- 
nated succinimides, brominated oxazolidinones, brominated 
imidazolidinones, brominated isocyanurates, and salts of 
trihalide or mixed trihalide ions containing bromine. 

In a preferred embodiment the hypochlorite donor and 45 
bromide ion donor are dry solids having a higher dissolution 
rate and a higher water solubility than hydantoins. Preferred 
dry solids include trichloroisocyanuric acid or sodium or 
potassium dichloroisocyanurate and sodium or potassium 
bromide. When these compounds are used, it has been found 50 
that proportions of about 85 to about 99 parts by weight 
hypochlorite donor and about 1 to about 15 parts by weight 
bromide ion donor are capable of maintaining the Conver- 
sion Ratio in the optimum range for most water systems. In 
other instances, e.g. when hydantoin derivatives are used as 55 
the bromide ion donor, different proportions are sometimes 
necessary. For these compounds, it has been found that 
proportions of about 50 to about 99 parts by weight 
hypochlorite donor and about 1 to about 50 parts by weight 
bromide ion donor are capable of maintaining an optimum 60 
Conversion Ratio. 

It has now also been found that certain compounds can be 
added to the recirculating water system to suppress the loss 
of bromide ions through volatilization of hypobromous acid 
and bromamine. The bromine volatilization suppressants 65 
may be included in the hypochlorite donor/bromide ion 
donor biocide composition or combination thereof or may be 
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added separately to the recirculating water. Suitable bromine 
volatilization suppressants include hydantoin derivatives, 
sulfonamide derivatives, sulfamic acid derivatives, gly- 
coluril derivatives, oxazolidinone derivatives, imidazolidi- 
none derivatives and succinimide derivatives. 

Other features and advantages of the present invention 
will become apparent from the following detailed descrip- 
tion, which is given by way of illustration only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the effect of the Conversion Ratio on 
killing efficiency. 

FIGS. 2-6 illustrate the effect of the hypochlorite donor/ 
bromide ion donor composition on the Conversion Ratio in 
the recirculating water and the ability of the biocide to 
perform as a bromine biocide. NaBr/ACL90 PLUS and 
NaBr/ACL60 compositions are used to illustrate the effects. 

FIG. 7 illustrates the effect of DMH on the Henry's Law 
constant for a bromine biocide. 



A hypochlorite donor compound according to the present 
invention may be any chlorine containing compound 
capable of providing a sufficient amount of hypochlorite 
species in aqueous solution, including but not limited to 
gaseous chlorine, hypochlorite salts such as lithium 
hypochlorite, sodium hypochlorite, or calcium hypochlorite, 
chlorinated hydantoins such as dichlorodimethylhydantoin, 
or bromochlorodimethylhydantoin, chlorinated oxazolidino- 
nes such as 3-chloro-4,4-dimethyl-2-oxazolidinone, chlori- 
nated imidazolidinones such as l,3-dichloro-4,4,5,5-tetram- 
ethyl-2-imidazolidinone, or chlorinated isocyanuric acid or 
its derivatives including its salts, hydrates, complexes, or 



Some disadvantages may occur with the use of certain of 
these hypochlorite donor compounds. For example, addition 
of calcium is not desirable since repeated use could increase 
the calcium ion concentration in the water to the level where 
calcium scaling problems could occur. Since chlorine gas is 
a hazardous material, its use is generally limited to the 
larger, more sophisticated recirculating water systems. 
Finally, many of the chlorinated organic compounds are less 
useful than the chlorinated isocyanuric acid derivatives due 
to higher costs, lower dissolution rates, lower halogen 
content, and/or the buildup of species which inhibit biocidal 
activity. 

Preferred hypochlorite donor compounds include chlori- 
nated isocyanuric acid derivatives chosen from the follow- 
ing group of compounds: sodium dichloro-s-triazinetrione 
(also called sodium dichloroisocyanurate, available from 
Monsanto Co. under the tradename ACL60), potassium 
dichloro-s-triazinetrione (available from Monsanto Co. 
under the tradename ACL59), the hydrate of sodium 
dichloro-s-triazinetrione (available from Monsanto Co. 
under the tradename ACL56), dichloroisocyanuric acid, 
trichloro-s-triazinetrione (also called trichloroisocyanuric 
acid, available from Monsanto under the tradename ACL90 
PLUS), mixtures thereof such as [mono(trichloro)-tetra(mo- 
nopotassium dichloro)]-penta-s-triazinetrione and [mono(t- 
richloro)-mono(monopotassiumdichloro)]-di-s-triazinetri- 
one. These compounds are disclosed, for example, in U.S. 
Pat. Nos. 3,035,056; 3,035,057; 3,150,132; 3,256,199; 
3,294,797; and 3,564,146. 



The bromide ion donor according to the present invention 
may be any compound capable of providing a sufficient 
amount of bromide ion in aqueous solution including, but 
not limited to, liquid bromine, bromine chloride, alkali metal 
bromides, alkaline earth metal bromides, R^-ammonium 5 
bromide where R is an alkyl or aryl group, bromamines, 
N-brominated organic compounds, such as N-brominated 
hydantoins, N-brominated sulfonamides, N-brominated 
oxazolidinones, N-brominated imidazolidinones; N-bromi- 
nated imides such as N-bromosuccinimide or N-brominated 10 
isocyanurates which can release hypobromite species or 
salts of trihalide or mixed trihalide ions such as Br 3 ~ or 
ClBr 2 - as described in U.S. Pat. No. 3,152,073. 

The hypochlorite donor compound and the bromide ion 
donor compound may be added either separately or as a 15 
single composition. For some combinations, the two com- 
ponents must be added separately, for example, chlorine gas 
and sodium bromide. In many cases, however, it is advan- 
tageous to premix the two components and add the compo- 
sitions to the recirculating water system. This reduces the 20 
number of materials to be handled and thus the number of 
controls required. Thus, it is possible to introduce the 
biocide of the present invention into the recirculating water 
system by any of the following means: an erosion feeder, a 
floater, porous bags, perforated buckets or by hand dosing. 25 

A preferred product is a solid dry mixture of a chlorinated 
isocyanuric acid derivative and a bromide ion donor, most 
preferably compacted in the form of a tablet, stick or puck. 
One or more compacting aids such as boric acid, sodium 
stearate, potassium stearate, aluminum hydroxide or 30 
monoglycerol stearate may optionally be used. To eliminate 
any possible interaction between the two components of the 
mixture it is necessary to eliminate any free water, as taught 
in U.S. Pat. No. 2,815,311. If free water is present, the two 
components may react to form bromine gas, which can 35 
corrode matallic containers or pose a health hazard to 
persons handling the material. In addition to optional com- 
pacting aids, the biocide of the present invention may also 
optionally include one or more scale inhibitor compounds 
such as polymaleic acid, polyacrylic acid, a phosphonate, a 40 
polyphosphate, or mixtures thereof. 

When the product used is a mixture of a solid hypochlorite 
donor and a bromide ion donor, the appropriate composition 
depends on the operating characteristics of the individual 4J 
recirculating water system. Therefore a range of composi- 
tions is required since there are a number of differences 
between systems. These differences include variation in the 
quality of the water used for makeup, variation in local air 
quality, variation in the blowdown or turnover rate, and other 5Q 
system variables. For a composition of trichloroisocyanuric 
acid and sodium bromide, the weight percent of sodium 
bromide in the composition required to provide the optimum 
Conversion Ratio in the recirculating water typically ranges 
from about 3% NaBr to about 15% NaBr, depending on how 55 
the recirculating water system is operated. 

To maintain the Conversion Ratio in solution at the 
desired optimum, it is necessary to control both the sum of 
the concentrations of the hypohalite species (HOC1, OCl~ 
HOBr, and OBr~) and the sum of the concentrations of all 60 
bromine containing species (HOBr, OBr, and Br). 

Control of the free halogen concentration is straightfor- 
ward and is normally achieved for most systems, either with 
automated analyzer/control equipment or manually with the 
use of analytical test kits. Test kits and analytical control 65 
equipment determine free halogen concentrations by mea- 
suring the oxidizing potential of the species dissolved in the 
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water. However, these devices are incapable of distinguish- 
ing whether the oxidizing potential was due to hypochlorite 
or hypobromite species. Consequently, the free halogen 
concentrations measured in the recirculating water systems 
are the sum of the free chlorine and the free bromine, and 
will usually be expressed in terms of free chlorine, since 
chlorine test kits are more widely used. The free halogen 
concentrations may also be expressed in terms of free 
bromine by: (1) multiplying the free chlorine reading by 
2.25, which is the ratio of the molecular weights of molecu- 
lar bromine to molecular chlorine (160/71=2.25) or (2) using 
a bromine test kit. However, when the Conversion Ratio in 
the recirculating water is one or greater, all of the free 
halogen species will be present as free bromine species, even 
though the free bromine may be expressed in terms of free 
chlorine. 

Initially, it was believed that bromide ion would be a 
conserved specie in recirculating water systems, that is, that 
blowdown or turnover would be the only significant path- 
way for bromide ion loss. Blowdown or turnover loss, 
BrL(BD), may be calculated using the following equation, 
assuming constant bromide ic 



BrL(BD) =bromide ion loss due to blowdown, gm/day 

Qj==blowdown or turnover rate, gal/day 

C Br =total concentration of all bromine species, mg/liter 

3.79=conversion factor, gallons to liters 

1000=conversion factor, grams to milligrams 
Example: a system contains 1.0 mg Br/liter distributed 
between bromide ion and hypobromite species, and has a 
blowdown rate of 1000 gal/day. The calculated bromide ion 
loss due to blowdown would then be 3.79 gm Br/day. 

Measurement of the bromide ion concentration during 
initial experiments has unexpectedly revealed the existence 
of other significant pathways of bromide ion loss. Further 
investigation has now demonstrated that in order to maintain 
an optimum Conversion Ratio, it is necessary to compensate 
for bromide ion losses by three additional pathways: 1) 
volatilization of hypobromous acid, 2) volatilization of 
bromamines and 3) formation of organobromine com- 
pounds. Loss of bromide ion by the volatilization of hypo- 
bromous acid occurs as a result of the reaction described in 
equation (6a). 

Bromide ion losses via volatilization of bromamines 
occurs as a consequence of the reaction between hypobro- 
mous acid and nitrogenous contaminants (expressed in terms 



^BrNHj+HaO 



Organobromine compound formation occurs due to the 
reaction of hypobromous acid with organic matter in the 
water to form compounds with carbon-bromine bonds, for 
example: 



HOBr+R— CH3-4R— CH 2 Br+H 2 0 



(U) 



The organobromine compounds include the trihalomethanes 
or other brominated alkanes, brominated carboxylic acids, 
and the like. The carbon-bromine bonds are very stable and 
not readily hydrolyzed. Hence, the bromine specie is no 
longer available as bromide ion for regeneration to hypo- 
bromous acid by hypochlorous acid. Therefore, the bromide 



ion has been effectively removed from this chemical recycle 
loop. 

It is necessary to establish the magnitude of the bromide 
ion losses by these pathways in order to determine the 
appropriate proportions of bromide ion donor and hypochlo- 5 
rite donor to feed to the recirculating water system. This can 
be accomplished by two methods: 1) analytical determina- 
tion of the decrease in bromide ion concentration ("the 
bromide ion analytical method") and 2) calculation of losses 
by the different pathways. 10 

The determination of the appropriate amounts of bromide 
ion donor and hypochlorite donor can be achieved by the 
bromide ion analytical method as outlined in the following: 

1. Take samples of the recirculating water at regular 15 
intervals and note the sample times. 

2. Determine the bromide ion concentration of the water 
samples with ASTMD-1246-82a, Method D-Ion Selec- 
tive Electrode For Bromide. Note, in this case, the 
hypohalite species (HOBr, OBr, HOC1, OCT) must be 20 
converted to halide species (CI - and Br") prior to the 
determination of bromide ion. This is achieved by 
adding sodium sulfite to the solutions in amounts of 

1 .25 times the stoichiometric amount required to satisfy 
the following equation: 
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7. For hypochlorite donor/bromide ion donor combina- 
tions where it is more practical to feed the two donors 
separately, the results of steps 4 and 6 indicate what the 
feed rates must be for the corresponding donors in 
order to satisfy the chlorine demand and bromide ion 
donor requirements and to make the combinations 
perform as bromine biocides. 

8. For a hypochlorite donor/bromide ion donor combina- 
tion that will be contained in a single composition or 
product, a composition is determined by the following 



a. Hypochlorite Donor/Bromide Ion Donor Composi- 
tion Requirements 

BGO=HCD+BrD (15) 

BGC=amount of hypochlorite donor/bromide ion donor 
composition required to satisfy the chlorine demand 
and bromide ion requirements simultaneously, gm/day 

b. Hypochlorite Donor/Bromide Ion Donor Composition. 



0X-+Na 2 S0 3 ->Na ! S0. 1 +X- 



(12) 



OX-=OCr or OBr" 1 

jr=crorBf- 

3. Calculate the total daily loss of bromide ion TBrL, in 
grams per day by using the analytical and sample time 
data. 3 

4. Determine the amount of bromide ion donor, BrD, 
required to compensate for the losses and maintain the 
bromide ion concentration at the desired level with the 
following equation: 



it of bromide ion donor required to compen- 
sate for losses and maintain the bromide ion concen- 
tration at the desired level, gm/day 
Mfirff^oie weight of bromide ion donor, gm 
MBr=mole weight of bromide ion, gm 50 
TBrb=total daily bromide ion losses, gm/day 

5. Determine the daily chlorine demand, CD, of the 
system. 

6. Detemiine the amount of hypochlorite donor com- 55 
pound required to satisfy the daily chlorine demand 
with the following equation: 



Although it is an alternative to calculating the appropriate 
amounts of bromide ion donor and hypochlorite donor to 
feed to the system, the bromide ion analytical approach is 
generally beyond the sophistication of most cooling tower, 
swimming pool and spa operations or would require a 
considerable expense for added instrumentation. 

The present invention obviates the need for this costly 
instrumentation, since the appropriate amounts of hypochlo- 
rite donor and bromide ion donor may also be established by 
the second method, that is, by calculating bromide ion 
losses. Investigations relating to the present invention dem- 
onstrate that the bromide ion can be lost by pathways other 
than blowdown. At the optimum Conversion Ratio, the 
losses incurred by these pathways can be several times larger 
than the blowdown loss, making it virtually impossible to 
maintain the desired Conversion Ratio without knowledge 
of these pathways. The magnitudes of the losses by the 
various pathways are totally surprising. At Conversion 
Ratios much higher than optimum, the percentage of the 
total bromide ion lost by these pathways is much lower, 
because the ionic bromide form is not volatile. In such cases, 
the volatilization losses are not readily apparent. Thus, since 
prior art use of bromide-based biocides was not at the 
optimum Conversion Ratio, the loss of bromide ion by these 
pathways was not recognized. Because bromide ion was 
usually present in excess, the prior art did not perceive the 
importance of these additional bromide ion loss pathways. 

The amount of bromide ion lost by flashoff of HOBr, 
BrL(FL), may be calculated using either equation (18) or 
(19). 



HCD=amount of hypochlorite donor compound required 

to satisfy the chlorine demand, gm/day 
CD=chlorine demand of the system, gm Cl 2 /day 
AvC=available chlorine content of chlorine donor (wt %) 



»«=W.C» Xli - x-^5L x 1440 

BrL(FL)=amount of bromide ion lost by flashoff hypo- 

bromous acid, gm Br/day 
R=the recirculation rate of the recirculating water system, 

gal/day 

f=flashoff equilibrium coefficient for the recirculating 
water system. (Note, f has a value between 0 and 1.) 

H t =Henry's Law Constant for hypobromous acid at the 
pH and temperature of the recirculating water system 

Q=the flow rate of air through the tower, ft/min. 

D„=density of air, gm/L 

Wj/Wc^tio of the mass flow rate of the recirculating 
water to the mass flow rate of air through the system 

M HOB =mole weight of hypobromous acid, gm 

C»oBr =m e concentration of hypobromite species as hypo- 
bromous acid, mg HOBr/L 

M^mole weight of water, gm 

M fl =mole weight of air, gm 

M Br =mole weight of bromide ion, gm 

3.79=conversion factor, gallons to liters 

1000=conversion factor, grams to milligrams 

28.316=conversion factor, cubic feet to liters 

1440=conversion factor, days to minutes 

It is important to point out that the value of C HORr , the 
concentration of hypobromite species, is not the same as 
C Br> the sum of concentrations of all bromine-containing 
species, since some of the bromine species present can be in 
the form of bromide ion. 

Henry's Law constant is defined by the following equa- 
tion: 
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ppm) to give a Conversion Ratio of 1.05, slightly greater 
than the optimum value of 1. Thus, all of the free halogen 
species are essentially free bromine species (HOBr and 
OBr ). As a result, the free bromine concentration in terms 
of hypobromous acid is 0.685 mg/L [C HOBr =FK\CxM HORb / 
M„ a =0.5x96.9/71 =0.685], Under these conditions, the 
flashoff loss of bromide ion via the volatilization of hypo- 
bromous acid is 51.1 grams of bromide ion per day. This loss 
is considerably larger than that due to blowdown (cf. blow- 

, down loss calculation above), demonstrating that volatiliza- 
tion of hypobromous acid can be a major factor contributing 
to the loss of bromide ion from recirculating water systems. 

The Henry's Law constant for hypobromous acid used in 
the above example was determined as follows, using a pilot 
scale cooling tower since there is no literature data for 

1 hypobromous acid or any of the bromamines. The pilot 
cooling tower was a counterflow type with a capacity of 80 
liters of water, which was circulated through the tower at 1 .2 
gal/min. The air flow rate was 2800 L/min. An electrical 
heater, placed in the recirculation line, provided a constant 

1 heat source. In each experiment, the pilot tower was filled 
with chlorine-demand-free water and an appropriate amount 
of biocide was added to give 4.0 mg/L (as chlorine). During 
the test, the biocide concentration was continuously moni- 
tored using a Hach CL17 chlorine analyzer. The water was 

1 initially recirculated with no air flow for 30 minutes to 
establish a baseline free halogen concentration. The air flow 
was then started and the free halogen concentration was 
monitored for four hours. The drop in the halogen concen- 
tration during this period, which is due to volatilization of 

1 any volatile species, can be used to calculate the Henry's 
Law constant using the following equation: 



H t =Henry's Law Constant 

C Io;i< , e (gas)=concentration of volatile solute in the gas 45 
phase 

C Joiwe (liquid)=concentration of volatile solute in the liq- 
uid phase 

Henry's Law constant is, therefore, the ratio of the concen- 
tration of solute in the vapor phase at equilibrium to the 50 
concentration of the solute dissolved in a solvent, in these 
cases water. This constant is a measure of the tendency of the 
dissolved solute to escape or volatilize from the solvent. A 
low Henry's Law constant indicates little tendency for the 
solute to volatilize. A high constant value indicates a greater 55 
tendency of the solute to escape from the solution into the 
gas phase. Henry's Law constants can be expressed in any 
combination of a number of concentration units, such as 
partial pressure, milligrams per liter, or mole fraction. 
Herein, mole fraction units are used for both the gas and 60 
liquid phase concentrations. 

As an example, a cooling tower has WjTW^O, f=0.5, 
R=400,000 gallons/day, and the tower operates at pH=8.0 
and 30° C. For the conditions in this particular example, 
Henry's Law constant is 0.25. The concentration of free 65 
halogen is 0.5 mg/L (0.5 ppm, free chlorine basis). The 
bromide ion concentration is maintained at 0.8 mg/L (0.8 



H t =Henry's Law constant at temperature and pH of the 
experiment 

V w =volume of recirculating water, liters 

D„=density of water, gm/ml 

D a =density of air, gm/ml 

NL^mole weight of water, gm 

M a =mole weight of air, gm 

Q^volumetric air flow, L/min 

C/=final halogen concentration, mg/L 

C,=initial halogen concentration, mg/L 

t=length of time of experiment, min 
This procedure assumes that the hypobromous acid has 
reached equilibrium between the gas and liquid phases. With 
this method, Henry's Law constants were determined for 
hypobromous acid as a function of pH, temperature, and the 
concentration of additional chemical species. 

As stated previously, the presence of ammonia in the 
recirculating water has also been found to increase the loss 
of bromide ion. This is due to the formation of various 
bromamine compounds, especially monobromamine, which 
is more volatile than hypobromous acid. The effect of 
ammonia on the volatility of hypobromous acid is reflected 
in an increase in the Henry's Law constant. This change in 
the Henry's Law constant is dependent on the ratio of 
ammonia to free bromine, the pH, and the temperature. 
There are no literature values for the Henry's Law constants 
for bromamines. The results of our measurements indicate 
the Henry's Law constant for bromamines is considerably 
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larger than the Hemy's Law constant far hypobromous acid 
under the same conditions. The simple bromamines are, 
therefore, very volatile and do not build up to significant 
levels because they are flashed off very rapidly. 

Under steady state conditions, the loss of the simple . 
bromamines by flashoff will be approximately equal to the 
rate of formation of monobromamine. The bromamine for- 
mation rate is determined by the rate of introduction of 
ammonia into the recirculating water. In most cases, the 
major source of ammonia is the makeup water. Thus, the j 
flashoff loss due to formation of bromamines, BrL(BA), can 
simply be estimated by the following equation: 



BrL(BA)=amount of bromide i 



broi 



1 lost by flashoff of 
i makeup water, mg/L 2 



Q^^akeup water rate, gal/day 
M Br =mole weight of bromide ion, gm 
M NHl =mole weight of ammonia, gm 
3.79=conversion factor, gallons to liters 
1000=conversion factor, grams to milligrams 
Note, equation (21) applies only to relatively small 



Another significant pathway for bromide ion loss is the 
formation of organobromine compounds as a result of the 30 
reaction of hypobromous acid with organic molecules dis- 
solved or suspended in the water. Carbon-bromine covalent 
bonds are usually stable to hydrolysis so that the bromine is 
not released back into the water and is not available for 
regeneration to hypobromite species. The amount of bro- 35 
mide ion loss can vary widely depending on the organic 
content of the water, which can be quantified as TOC. TOC, 
or total organic carbon (in mg/L), measures the total amount 
of organic material dissolved or suspended in the water, 
without distinguishing the chemical form. Several commer- 40 
cial analyzers are available which perform this analysis. Lab 
experiments with both tap water and untreated surface water 
have shown that about 0.2 mg/L of bromide ion is combined 
as organobromine compounds for every mg/L of TOC 
introduced into the water. This number varies somewhat 45 
depending on the individual water source, but 0.2 is a 
reasonable estimate for most cases. 

The amount of bromide ion loss caused by the formation 
of organobromine compounds, BrL(OBr) can be calculated 
with the following equation, which accounts for the total 50 
organic carbon introduced with the makeup water: 



BrLWr) = Q*<x\ 



.. 3.79 



BrL(OBr)=amount of bromide ion lost due to the forma- 
tion of organobromine compounds, gm/day 
Q m =makeup water rate, gal/day 
TOC=total organic content of makeup water, mg/L 6 
0.2=amount of bromide ion lost per mg/L of TOC in 

recirculating water, mg/L 
3.79=conversion factor, gallons to liters 
1000=conversion factor, grams to milligrams t 
Note, equation (22) applies only to relatively small TOC 
s. This calculation does not account for any 



TOC added from sources other than makeup, for instance, 
organic or biological contamination absorbed from the air 
blown through the tower or contamination from process 
leaks. If such contamination is severe, the additional loss of 



It is necessary to quantify the major pathways of bromide 
ion loss, blowdown, flashoff, and organobromine formation 
in order to determine the appropriate proportions of bromide 
ion donor and hypochlorite donor to feed to the recirculating 
water system. Once each of the bromide ion pathway losses 
are quantified, the optimum proportions of bromide ion 
donor and hypochlorite donor to be fed to the system may be 
calculated according to the following steps: 

1) Define the desired free halogen concentration (avail- 
able chlorine basis), FAvC, and the desired Conversion 
Ratio, CR. CR may range from about 0.2 to about 20.0, 
more preferably from about 0.2 to about 10.0, and most 
preferably from about 0.5 to about 4.0. If excess 
bromide ion is desired CR should be greater than 1.0; 
if not, then CR can be less than 1.0. 

2) Convert the desired free halogen concentration to the 
concentration of hypobromous acid, C UOBn by multi- 
plying the free chlorine concentration, FAvC, by 1.37x 
RCR if CR is less than 1.0 or by 1.37 if CR is greater 
than 1.0. The factor 1.37 is equal to 96,916/70,906 
(molecular weight of HOBr/molecular weight of chlo- 

3) Calculate the desired total concentration of all bromine 
containing species, C B „ in terms of bromide ion, using 
the following equation: 



4) Calculate the daily bromide ion loss caused by blow- 
down, BrL(BD), with equation (9). 

5) Calculate the daily bromide ion loss incurred by the 
flashoff of hypobromous acid, BrL(FL), using either 
equation (18) or (19). 

6) Calculate the daily bromide ion loss caused by bro- 
mamine flashoff, BrL(BA), with equation (21). 

7) Calculate the daily bromide ion loss caused by the 
formation of organobromine compounds, BrL(OBr), 
using equation (22). 

8) Calculate the total daily bromide ion loss, TBrL, by 
combining the results of the calculations in steps 4, 5, 
6, and 7. 

TBrL=BrLCBD)+BrL(FL)+BrL(BA)4-BrL(OBr) (23) 

9) Determine the daily quantity of bromide ion donor 
required to compensate for bromide ion losses with 
equation (13). 

10) Determine the amount of hypochlorite donor required 
to satisfy the daily chlorine demand with equation (14). 

11) For hypochlorite donor/bromide ion donor combina- 
tions where it is more practical to feed the two donors 
separately, the results of steps 9 and 10 indicate what 
the feed rates must be for the corresponding donors in 
order to satisfy the chlorine demand and bromide donor 
requirements simultaneously and make the combina- 
tion perform as a bromine biocide. 

12) For products containing both the hypochlorite donor 
and bromide ion donor as a single composition or 
mixture, determine the appropriate composition with 
• -is (15), (16) and (17). 



The effectiveness of the hypochlorite donor/bromide ion 
donor biocides and the bromine volatilization suppressants 
disclosed herein is demonstrated in the following examples, 
including killing efficiency experiments, cooling tower and 
spa tests, and calculations in which compositions represen- 5 
tative of the present invention, such as ACL60/NaBr and 
ACL90 PLUS/NaBr, are compared with chlorine (ACL60) 
and competitive bromine (BCDMH) biocides. 



Example l=Effectiveness of Hypochlorite 
Donor/Bromide Ion Donor Compositions In 
Cooling Towers 

A small crossflow, induced draft cooling tower, used to 15 
cool a 250 ton air conditioning system, was used to test the 
relative effectiveness of the current invention versus chlo- 
rine and BCDMH biocides over a period of five months. The 
pH of the tower water was controlled at 8.5 and the free 
halogen concentration was controlled at 0.5 mg/L (available 20 
chlorine base) with an automated chlorine analyzer/control- 
ler. Scale and corrosion inhibitors were also added as part of 
the normal operation of the cooling tower. The effectiveness 
of each biocide was judged on the ability of the biocide to 
control the biofouling microorganism population as mea- 25 
sured by a standard plate count method. Microorganism 
populations were reported as colony forming units per 
milliliter (CFU/ml). Samples for the determination of micro- 
organism populations and bromide ion concentration were 
taken from the same location in the cooling tower basin 30 
away from the point of chemical addition. Two to three 
samples were taken per day. Immediately after sampling, 
any hypohalite species were reduced to halide species with 
sodium thiosulfate. The bromide ion concentration was 
measured by ion chromatography. The results of the test are 35 
shown below in Table 1: 

TABLE 1 

Results of Cooling Tower Biofouling Control Tests 
Comparing Biocidal Effectiveness of Hypochlorite 40 
Donor/Bromide Ion Donor Biocide Compositions to Chlorine 
and Bromine Biocides. 



ACL60 
ACLKVNaBr 
ACL90 PLUS/NaBr 
BCDMH 



20 

The results of these tests show that the hypochlorite 
donor/bromide ion donor compositions of NaBr/ACL60 and 
ACL90 PLUS/NaBr, were not only superior to the chlorine 
biocide, ACL60, but were also superior to the bromine 
biocide, BCDMH, in controlling the population of the 
biofouling microorganisms. The most effective NaBr/ 
ACL60 and NaBr/ACL90 PLUS biocide compositions were 
those which maintained the Conversion Ratio in the recir- 
culating water above 1. 

The biocide compositions that were less effective were 
those which produced Conversion Ratios of less than one. 
However, all of the NaBr/ACL compositions were more 
effective than the chlorine (ACL60) and BCDMH biocides, 
as evidenced by the fact that they controlled the biofouling 
microorganism population at or below 6000 CFU/ml, 
whereas the chlorine and BCDMH biocides were not 
capable of reducing the biofouling populations below 
14,000 and 24,000 CFU/ml, respectively, at the same free 



mg/L, available chlorine 

In these tests, ACL60 (sodium dichloroisocyanurate) was 
used to demonstrate the biocidal effectiveness of chlorine 
biocides under these conditions. Combinations of sodium 
bromide with ACL60 and sodium bromide with ACL90 
PLUS (trichloroisocyanurate) were employed to illustrate 60 
the effect of the Conversion Ratio on the biocidal effective- 
ness of the hypochlorite donor/bromide ion donor compo- 
sitions, which are representative of the present invention, 
and their ability to perform as bromine biocides. BCDMH 
was also included to compare the effectiveness of this 65 
bromine biocide to the ones representative of the present 



Effectiveness of Hypochlorite Donor/Bromide Ion 
Donor Biocide Compositions in Biofouling Control 



The killing efficiencies of the biocides evaluated in 
Example I were also determined in laboratory experiments 
designed to simulate cooling tower conditions. In these 
experiments, a culture of microorganisms from the cooling 
water in Example 1 were cultured in a well-stirred vessel by 
metering nutrient solution into the solution containing the 
culture. The vessel contents were maintained at 37° C. and 
pH of 8.0. Each experiment consisted of shocking the 
microorganisms with the biocide to be tested. Nutrient 
solution was also fed continuously to the vessel to encourage 
growth of the microorganisms and biocide solution was fed 
to the vessel to control the free halogen concentration at 0.5 
mg/L (available chlorine basis) and the microorganism 
population. The microorganism population was determined 
periodically by an HMB-II apparatus (KVM Engineering) 
until the microorganism population had ceased to decline 
and remained constant for several hours. This usually 
occurred in about four hours after the start of the experiment. 
At this point, the microorganism growth rate and the micro- 
organism death rate due to the biocidal activity of the 
biocide were considered to be in dynamic equilibrium, or at 
steady state. The effectiveness of biocide was then judged on 
the basis of killing efficiency as defined by the following 
expression. 



KE=- 



{Pi-Pfi 



:100% 



KE=killing efficiency of the biocide, % 
P=nucroorganism population at the star 

ment, CFU/ml 
P^microorganism population at steady i 



of the experi- 
;ate conditions, 



CFU/ml 

The results of the biocide killing efficiency experiments ai 
' " - Table 2. 
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5,476,670 
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Results of Biocide Killing Efficiency Experiments 



BCDMH 

AGL60 

ACL60/NaBr 

ACL6WNaBr 

ACL60ffJaBr 



2,140,000 1,260,000 



Conditions: pH=8.5, temperature=37° C, free halogen= 
0.5 mg/L (available chlorine basis). 

The results in Table 2 show that the NaBr/ACL60 com- : 
positions (hypobromous acid generating compositions) have 
superior biocidal activity relative to the chlorine biocide, 
ACL60, and the bromine biocide, BCDMH, under the 
conditions of the experiments. The results also support the 
validity of the results obtained in the cooling tower tests ' 
(Example 1). The above results also show that the best 
killing efficiency was obtained at a Conversion Ratio of 
1.20. This represents the condition where the amount of 
NaBr is sufficient to make the bromide ion concentration in : 
the water slightly in excess of the stoichiometric amount 
required to satisfy the reactions shown in equations (6a) and 
(6b). Thus, the best killing efficiency was obtained with the 
composition that performed as a true bromine biocide. 
However, the results of the experiments indicate that the ; 
killing efficiencies of NaBr/ACL60 compositions which 
yield Conversion Ratios of less than 1 are still better than the 
chlorine (ACL60) or BCDMH biocides. 

The effect of the Conversion Ratio can be understood ; 
more clearly by referring to the graph shown in FIG. 1. FIG. 
1 is a plot of the killing efficiency of each ACL60/NaBr 
composition tested as a function of the Conversion Ratio. 
The results show that killing efficiencies increase as the 
Conversion Ratios increase until the maximum killing effi- ' 
ciency is attained near a Conversion Ratio of 1.0. At this 
point, all of the free halogen species are free bromine 
species. FIG. 1 also shows that most of the improvement in 
killing efficiency (from 42% to 75%) occurred between l 
Conversion Ratios of 0.0 and 0.2. This indicates that the 
Conversion Ratio in the recirculating water system does not 
have to be controlled tightly in order for the bromine based 
biocide to be significantly better than chlorine biocides at pH 
levels of 8 or higher. : 

Even though the performance of the hypochlorite donor/ 
bromide ion donor biocide will be very good at these low 
ratios, it is desirable to use these biocides at Conversion 
Ratios of 1.0 or more, because the biocides will control the 
microorganisms more effectively, thereby reducing biocide ; 
usage, and because the formation of chloramines will be 
rmnimized. FIG.l shows at what levels the Conversion Ratio 
should be maintained to obtain maximum biocidal activity. 
However, it would not be economical, in most instances, to ( 
use products with proportions of bromide ion donor and 
hypochlorite donor equivalent to the desired Conversion 
Ratio in the recirculating water. Therefore, it is important to 
understand how to develop compositions and methods that 
allow hypochlorite donor/bromide ion donor compositions ( 
with low bromide ion donor contents to maintain the desired 
Conversion Ratio in the recirculating water. 



Discovery of Bromide Ion Loss Phenomenon 

During tests run on the cooling tower system described in 
Example 1, ACL90 PLUS (trichloroisocyanurate) was fed to 
the recirculating water system at a rate sufficient to maintain 
a free halogen concentration of 0.5 mg/L (0.5 ppm, free 
chlorine basis). The chlorine demand of the recirculating 
water system was determined to be about 282 grams of 
available chlorine per day. Since ACL90 PLUS, which has 
an available chlorine content of 90.7%, was used as the 
hypochlorite donor, the ACL90 PLUS requirement was 
310.4 grams/day [(282*0.907)xl00%]. Sodium bromide 
was fed to the system at a rate of 2.6 gm NaBr/day, a rate 
calculated to account for blowdown loss and maintain a 
bromide ion concentration of 0.56 mg/L, a concentration 
sufficient to maintain a Conversion Ratio of one. Analyses of 
^ water samples taken from the system revealed, however, that 
1 the bromide ion was consistently as low as about 0.05 mg/L, 
considerably below the desired bromide ion ot ' 
0.56 mg/L. Therefore, the bromide ion w 
much higher than expected. 



Demonstration of the Bromide Ion Loss 



Tests were conducted in the following manner. The blow- 
down value for the recirculating water system of the cooling 
tower cited in Example 1 was closed to prevent the loss of 
water by this pathway. The recirculating water system was 
then dosed with enough sodium bromide to obtain a con- 
centration of about 0.5 mg/L (0.5 ppm) of bromide ion. The 
free halogen was maintained at 0.5 mg/L (0.5 ppm, free 
chlorine basis). The water was then recirculated for about 
one hour to obtain a uniform concentration of bromide ion 
throughout the system. Water samples were then taken 
periodically over a 24 hour period and analyzed for bromide 
ion. The results of the analyses in Table 3 show that about 
70% of the bromide ions were lost during this 24 hour 
period. Loss rates for the first few hours were actually even 
higher. For instance, the loss rate for the first 8.5 hours is 
over 6% per hour or 152% per day; 



Bromide Loss Data for Zero Blowdown 



To prove that the bromide ion losses were not due to leaks 
in the recirculating water system, the water was also spiked 
with lithium chloride at the start of this test. Lithium is not 
commonly found in water, can be easily analyzed for, and is 
not volatilized from the water system. The water samples 
taken for bromide analyses were also analyzed for lithium. 
The results shown in Table 3 demonstrate that lithium was 
not lost from the system during the test, thereby demon- 
strating that the bromide ion losses were not due to leaks, 
but, instead were due to other phenomena. 
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This example also demonstrates that the bromide ion 
losses can be significant in recirculating water systems, a 
fact not recognized by the prior art. In addition, it shows that 
many of the compositions described in the prior art for 
mixtures of hypochlorite donors and bromide ion donors 5 
actually performed as chlorine biocides instead of perform- 
ing as bromine biocides like the claimed compositions. 
Furthermore, the results clearly indicate that without the 
knowledge of these losses, it would be impossible to make 
hypochlorite donor/bromide ion donor compositions which lo 
would perform efficiently and economically as bromine 
biocides. 



,670 

gm/day respectively. 



Compensation for Bromide Ion Loss 

This example demonstrates that with knowledge of the 
existence of the bromide ion loss phenomena, bromide ion 
losses can be adequately compensated for to produce the 20 
desired results—performance of hypochlorite donor/bro- 
mide ion donor composition as bromine biocides. As shown 
in Example 3, prior to the discovery of the bromide ion loss 
phenomena, the sodium bromide was fed to the cooling 
water system at the rate of 2.6 grams/day, an amount only 25 
sufficient to maintain a Conversion Ratio of 0.1 (0.05 ppm 
divided by 0.5 ppm free chlorine), far below the ratio 
required to make the free halogen species perform as a 
bromine biocide. 

The results in Examples 3 and 4 indicated that the 30 
estimated sodium bromide feed rate had to be considerably 
higher than the original rate (2.6 grams/day) in order to 
maintain a Conversion Ratio of approximately one. Tests 
showed that a sodium bromide feed rate of 15-17 grams/day 
maintained the desired bromide ion concentration. Further- 35 
more, the biocidal system performed as bromine biocide as 
evidenced by the reduction in biofouling organism popula- 
tion from 14,000 CFU/ml for the 0.01 Conversion Ratio in 
Example 3 to 5000 CFU/ml. 

40 

Example 6 

Determination of Appropriate Hypochlorite 
Donor/Bromide Ion Donor Biocide Composition by 

the Bromide Ion Analytical Method. 45 

The following is an example of how this method can be 
applied to the determination of the appropriate hypochlorite 
donor compound/bromide ion donor composition for this 
cooing tower system. SQ 

In Example 5, the bromide ion donor (sodium bromide) 
requirement was determined to be 15.0-17.0 gm/day in 
order to maintain the bromide ion concentration at the level 
necessary to make the biocide perform as a bromine biocide. 
The hypochlorite donor/bromine ion donor composition 55 
requirement, BGC, for this particular combination was 
327.4 grams/day (310.4+17.0). Therefore, the appropriate 
composition was 94.8% ACL90 PLUS [(310.4+327.4)x 
100%)] and 5.2% [(17.0*327.4)xl00%] sodium bromide. 

If it is desired to add these two donors as a single product, 60 
the ACL90 PLUS and sodium bromide may be blended 
together, compacted into tablets, placed in an appropriate 
erosion feeder, and used to satisfy the chlorine demand and 
bromide ion requirements of the system. The composition 
would perform in the above described system as a bromine 65 
biocide. If it is desired to add the ACL90 PLUS and sodium 
bromide separately, the feed rates would be 310.4 and 17.0 



Bromide Ion Loss and Composition Calculations 
for Cooling Towers. 

An example of the procedure outlined above for calcu- 
lating the total bromide ion loss and the hypochlorite donor/ 
bromide ion donor composition required to maintain the 
optimum Conversion Ration is given below. Three cooling 
towers, having the characteristics given in Table 4A, will be 
used. The three towers are various sizes and have somewhat 
different operating characteristics. A major difference 
between the three towers is the quality of the makeup water, 
which has a significant impact on the amount of bromide ion 



Characteristics of Model Cooling Towe: 



Blowdown Rate, Q b (gal/day) 
Recirculation Rate, R (gal/day) 
Makeup Rate, Q„ (gal/day) 
Desired Free Halogen Cone, 
FAvC (mg/L, as chlorine) 
Desired Conversion Ratio, CR 
Flashoff Equilibrium Coefficient, 

Tower-Top Temperature (°C.) 



Water (mg TOOL) 

Biocide usage 

(grams ACL90 PLUS/day) 



From the characteristics in Table 4A, the following param- 
eters can be found for the three example towers. Sodium 
bromide (mol.wt.=102.90 gm/mole) is used as the bromide 
ion donor and ACL90 PLUS is the hypochlorite donor. 



TABLE 4B 



-alculated Parameters of 



Henry's Law Constant, H k 



m Loss, BrIXBD), 



165.75 
112.01 



HOBr Flashoff Loss, BrL(FL), 
grams Br/day 
Bromamine Flashoff Loss, 
BrL(BA), grams Br/day 
Organobromine Compound 
Formation Loss, BrL(OBr), 
grams Br/day 

Total Bromide Ion Loss, TBrL, 
grams Br/day 

Total NaBr Needed, grams/day 
%NaBr Needed in AcL90 
PLUS/NaBr Composition 



The above calculations show that the flashoff losses can be 
much larger than the blowdown loss, especially when 
ammonia is present. Given the values above, the appropriate 
composition of a trichloroisocyanuric acid/NaBr mixture is 
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calculated to be 7.25% NaBr for Tower A, 9.10% NaBr for 
Tower Band 11.46% NaBr for Tower C. If the flashoff losses 
and the loss due to formation of organobromine species are 
not accounted for, the appropriate composition would mis- 
takenly be calculated as only 0.35% NaBr for Tower A, 5 
0.22% NaBr for Tower B and 0.19% for Tower C. 

If chlorine gas is being used as the hypochlorite donor, 
then the second to last line in Table 4B gives the amount of 
sodium bromide that must be added separately to maintain 
the optimum Conversion Ratio in the recirculating water, lo 

Example 8 

Determination of an Appropriate Hypochlorite 
Donor/Bromide Ion Donor Biocide Composition. 
This example demonstrates why understanding of bro- 
mide ion loss phenomena is critical to development of 
commercial biocides containing both hypochlorite donors 
and bromide ion donors. 20 

In this example, a cooling tower system with a recircu- 
lating water capacity of 100,000 gallons is treated with 
ACL90 PLUS to maintain a free available chlorine concen- 
tration of 0.5 mg/L (0.5 ppm) in the water. The daily 
available chlorine demand is satisfied with 11.0 pounds of 25 
ACL90 PLUS. Since the available chlorine content of 
ACL90 PLUS is 90.7%, 11.0 pounds of ACL90 PLUS 
tablets per day are equivalent to 10.0 pounds of available 
chlorine (11.0x0.907=10.0). 

The ACL90 PLUS chlorine biocide can be made to 30 
perform as a bromine biocide by adding sufficient sodium 
bromide to the water to maintain a Conversion Ratio of at 
least 1.0. This requires maintenance of a bromide ion 
concentration in the cooling water sufficient to satisfy the 
stoichiometric requirements of equations (6a) and (6b). 
Hence, the bromide ion concentration must be 0.56 ppm (0.5 
ppm of Cl 2 xM B yMc, 2 =0.5x79.909/70.906=0.56). Since the 
recirculating water in the example cooling tower weighs 
834,000 pounds (100,000 gallonsx8.34 pounds/gallon), it „ 
must contain at least 0.47 pounds of bromide ion (0.56xl0~ 
6X834,000 pounds=0.47 pounds). This requires that the 
water contain a minimum of 0.605 pound of sodium bromide 
(0.47 poundxM A , aB ,/M B r =0.47xl02.90/79.909=0.605). 

To make an ACL90 PLUS/NaBr composition perform as 45 
a bromine biocide, the composition must contain sufficient 
sodium bromide to build the bromide ion concentration up 
to and maintain it at the level required to satisfy the optimum 
Conversion Ratio. This can be achieved by knowing the 
bromide ion loss rates for the recirculating water system. If 50 
the ACL90 PLUS/NaBr product contains the exact amount 
of sodium bromide to compensate for the losses and main- 
tain the Conversion Ratio at exactly one, then the sodium 
bromide concentration will automatically change with time 
until the desired concentration is reached. This occurs as S5 
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follows: 

When feeding a NaBr/ACL composition to a tower which 
initially contains no bromide ion, the bromide ion concen- 
tration will increase. The bromide ion loss rate depends on 
the concentration, so that the loss rate at low concentrations 60 
is very small, but slowly increases as the concentration of 
bromide ion increases. Thus, the initial bromide ion addition 
rate is larger than the bromide ion loss rate and the bromide 
ion concentration increases. This continues until the bro- 
mide ion loss rate matches the rate at which bromide ion is 65 
added to the system. At this point, a dynamic equilibrium 
condition, commonly referred to as a steady state, has been 



reached. Under these conditions, the bromide ion loss rate is 
equal to the rate at which bromide ion is being added and no 
further change in the bromide ion content occurs. If the 
hypochlorite donor/bromide ion donor composition con- 
tained the exact amount of bromide ion to compensate for 
bromide ion losses at the desired steady state, that is the 
steady state which is eventually attained. 

On the other hand, if the tower initially contains an excess 
of NaBr over the amount required for a Conversion Ratio of 
1.0 and a NaBr/ACL mixture is used that corresponds to the 
desired steady state concentration, the bromide ion loss rate 
will be higher than the bromide addition rate. In this case, 
the bromide ion concentration will decrease until the loss 
rate and addition rate are equal and a steady state at 
Conversion Ratto=1.0 is reached. Again, this steady state is 
determined by the bromide ion addition rate, and, if the 
correct composition is used, the Conversion Ratio will be 
one at steady state. 

This concept can best be visualized by considering the 
following information. First, in the preceding Example, 1 1.0 
pounds of ACL90 PLUS are required to satisfy the daily 
chlorine demand of the cooling water. Second, 0.605 lb of 
sodium bromide are required to maintain the desired Con- 
version Ratio of 1.0. It follows that the total daily require- 
ments for the hypochlorite donor/bromide ion donor com- 
position, (ACL 90 PLUS/NaBr) are 11.605 pounds (11.0+ 
0.605). The appropriate composition of the hypochlorite 
donor/bromide ion donor composition required to maintain 
the desired Conversion Ratio is, therefore, 94.8% (11.0/11, 
605x1 00%=94.8%) ACL90 PLUS and 5.2% (0.605/1 1.605x 
100%=5.2%) NaBr. 

To understand how this composition can build up the 
bromide ion concentration to the desired level, it is neces- 
sary to consider the bromide ion addition rate and total 
bromide ion loss rate on an hourly basis. Again, as shown 
above, the total weight of bromide ion, W B „ required to 
maintain the Conversion Ratio at 1.0 was established to be 
0.47 lb at steady state. For the purpose of this Example, it is 
assumed that this will be the total amount of bromide ion 
that is lost daily. Then the total hourly bromide ion loss rate 
(all pathways), HTBrL, is simply W Br divided by 24 hours. 
This corresponds to a rate of 0.01958 lb/hr (0.47 ltn-24 
hr=0.01958). With respect to W B „ the percent total hourly 
bromide ion loss rate, PHTBrL is, as determined by equation 
(25), 4.2% (0.01958/0.47xl00%=4.2%). 

™ i= J*|M_ xl0 0 % »5) 

This percent total hourly loss rate corresponds to a percent 
total daily loss rate of 1 00%. It is important to remember that 
it is entirely possible for percent total daily loss rate to be 
greater than 100%. 

With regards to the bromide ion addition rate, it was 
established previously that 0.605 lb of sodium bromide are 
required to satisfy the Conversion Ratio conditions speci- 
fied. The hourly sodium bromide addition rate is thus 
0.02521 lb/hr (0.605 lb+24 hr). In terms of bromide ion, the 
total hourly addition rate is 0.01958 lb/hr (0.02521 lb 
NaBr/hixM B ^M AroB =0.02521x80/103==0.01958). 

It follows that at the end of the first hour of use of the 
ACL90 PLUS/NaBr composition the bromide ion content of 
the water will be 0.01958 pounds minus the amount of 
bromide ion losses. Since the total hourly loss rate is 
4.2%/hr, the amount of bromide ion lost in the first hour is 
only 0.00082 lb (0.042x0.01958). The bromide ion content 
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at the end of the first hour is thus 0.01876 lb 
(0.01958-O.00082). At the end of the second hour, another 
0.01958 lb of bromide will have been added bringing the 
gross amount to 0.03834 (0.01876+0.01958) lb. However, 
the bromide ion loss is slightly higher and amounts to 
approximately 0.00161 lb (0.03834x0.0420). The net 
amount of bromide ion remaining has now increased to 
0.03673 lb (0.03834-0.00161). Thus, with each successive 
addition of sodium bromide, the bromide ion concentration 
will continue to increase, but at the same time, the bromide j 
ion loss rate will increase. Eventually, the loss rate will catch 
up with the addition rate and the two rates will be essentially 
equivalent thereafter. At this point, steady state conditions 
have been attained and subsequent ACL90 PLUS/NaBr 
additions merely maintain the Conversion Ratio at the t 
desired level, in this case, 1.0. 

A further refinement of these calculations is to determine 
the hourly bromide ion losses by the various pathways, since 
blowdown losses apply to all bromine species but losses by 
flashoff of hypobromous acid and bromamines and the 2 
formation of organobromine compounds apply only to the 
hypobromite species. This is achieved with equations (26) 
and (27). The percent hourly bromide ion loss rate by 
blowdown, PHBrL(BD), is calculated by equation (26). 
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percent total hourly bromide ion loss rate, PHTBrL, was 
calculated to be 4.2%/hr. These refinements account for 
what fraction of bromide ion losses are due to blowdown and 
the other pathways. To illustrate the refinements of the 
calculations, the losses due to blowdown, PHBrL(BD), and 
the losses by other pathways, PHOBrL, are taken to be 
0.83%/hr and 3.33%/hr, respectively, for PIGS. 2-5. 

These calculations can be used to illustrate the interrela- 
tionship between the concentration of the bromide ion in the 
recirculating water and the composition of the hypochlorite 
donor/bromide ion donor compositions. They were utilized 
to generate the graphs shown in FIGS. 2-5 which illustrate 
the effect of the biocide composition on the buildup of 
bromide ion with time and the ability of the composition to 
attain the optimum Conversion Ratio at steady state condi- 
tions. Since these calculations simulate the dynamics of the 
bromide ion content of water recirculation systems, they can 
be used to determine the composition required to produce 
the desired Conversion Ratio once the PHBrL(BD) and 
PHQBrL have been determined. FIG. 6 illustrates the effect 
of bromide ion loss rate on the composition required for the 
preferred range of Conversion Ratios. Therefore, it illus- 
trates, in conjunction with the following examples, how the 
various compositions are able to perform as bromine bio- 
cides. 



BrUBD) x iOOO xlc 



(26) 



rtlBrUjSD) — c BrX y K x 24 

PHBrL(BD)=*he percent of bromide ion lost by blow- 30 

down, %/hr 
BrL(BD)=as defined in equation (9) 
C Br =as defined in step (3) of "calculation of losses 

method" 

V w =volume of recirculating water, L 35 

1000=conversion factor, grams to milligrams 

24=conversion factor, days to hours 

The percent hourly loss of bromide ion by the other 
pathways (flashoff of hypobromous acid and bromamines 40 
and formation of organobromine compounds) is specifically 
proportional to the amount of hypobromite species in the 
recirculating water. The percent hourly loss of hypobromite 
species by these pathways, PHOBrL, is calculated with 
equation (27). 45 



Example 9 



PHOBrL=percent of hypobromite species lost by path- 
ways other than blowdown, %/hr 

TSrL=as defined in equation (23) 5J 

BrL(BD)=as defined in equation (9) 

C/joBr^ defined in step (2) of "calculation of losses 
method 

V,^=volume of recirculating water, L 

M HOBr =mole weight of hypobromous acid, gm 60 

M Br =mole weight of bromide ion, gm 

1000=conversion factor, grams to milligrams 

24=conversion factor, days to hours 
PHOBrL is essentially the weight of hypobromite species 65 
lost per hour divided by the weight of hypobromite species 
contained in the recirculating water. With equation (25), the 



The cooling tower in Example 8 is initially treated with 
11.0 pounds of ACL90 PLUS per day to maintain a free 
chlorine concentration of 0.5 mg/L, thus the tower initially 
contains no bromine containing species. The biocide is then 
switched to a composition of 2% NaBr and 98% ACL90 
PLUS. FIG. 2 presents the calculated bromide ion content in 
terms of sodium bromide of the tower versus the time 
elapsed since starting the NaBr/ACL90 PLUS composition, 
given that PHOBrL=3.33%/hour (80%/day) and that 
PHBrL(BD)=0.83%/hour (20%/day). It shows how the total 
amount of bromine containing species (given as pounds of 
NaBr) contained in the recirculating water system builds up 
with time during the initial few days of use of the 2.0% 
NaBr/98% ACL90 PLUS composition until a steady state 
concentration is reached after about three days. At steady 
state, the tower in FIG. 2 contains about 0.2 pounds of NaBr, 
which is considerably below the 0.605 pounds of NaBr 
required for a Conversion Ratio of 1.0, as shown by the line 
labeled "CR=1.0". In this case, the free halogen is a mixture 
of hypochlorite species and hypobromite species and the 
killing efficiency is less than ideal. 

Example 10 

Buildup of Bromide Ion to Steady State 
Concentration with a 9% NaBr/91% ACL90 PLUS 
composition. 

FIG. 3 shows the case where a NaBr/trichloroisocyanuric 
acid (ACL90 PLUS) composition with a much higher per- 
centage of NaBr (9.0%) is fed into the tower described in 
Example 8. As in Example 9, the bromide ion content of the 
tower builds up smoothly until a steady state is reached. In 
this case, however, steady state is reached in about 20 days. 
The steady state NaBr content is 3.0 pounds and the steady 
state Conversion Ratio is 5.0. In this case, all of the free 
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halogen is present as hypobromite species and the killing 
efficiency is very high, but a considerable excess of bromide 
ion is present which is wasted. 
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Buildup of Bromide Ion to Steady State 
Concentration with the Optimum 5.2% NaBr/94.8% 
ACL90 PLUS Composition. 

PIG. 4 shows the ideal case for the tower described in 1 
Example 8, where PHBrL(BD) is 0.83%/hour (20%/day) 
and PHOBrL is 3.33%/hour (80%/day). A Conversion Ratio 
of 1.0 is achieved after about three days and then maintained 
at steady state conditions by feeding a composition of 5.2% 
NaBr/94.8% trichloroisocyanuric acid. This composition 1 
therefore performs as a bromine biocide in this tower with 
very little excess bromide ion being required. 

Example 12 



FIG. 5 shows the case for BCDMH, which has a bromide 
and available halogen content equivalent to about 40% 25 
NaBr/60% trichloroisocyanuric acid, in the tower of 
Example 8. The steady state Conversion Ratio (for PHO- 
BrL=3.33%/hour and PHBrL(BD)=0.83%/hour) which is 
attained after about 20 days is 56.7. This is a tremendous 
waste of bromide ion, since 56.7 times as much bromide is 30 
used as is necessary to maintain the maximum killing 
efficiency. This high Conversion Ratio for BCDMH is 
confirmed by the data in Example 1, Table 1, where a 
Conversion Ratio of 41.1 was determined experimentally for 
BCDMH in a tower with somewhat different characteristics. 35 
The waste of bromide is even greater for cases where 
PHOBrL and PHBrL(BD) are lower than used in this 
example. 

Example 13 40 

Hypochlorite Donor/Bromide Ion Donor 
Compositions Required For Specific Steady State 
Conversion Ratios 

45 

The relationship between the sum of PHBrL(BD) and 
PHOBrL and the required composition of a NaBr/trichlor- 
oisocyanuric acid (ACL90 PLUS) composition is summa- 
rized in FIG. 6. The line labeled 'CR=1.0' gives the rela- 
tionship between PHBrL(BD)+PHOBrL and the weight % 50 
NaBr required in the composition to produce a Conversion 
Ratio of 1.0. For instance, for a tower with a bromide ion 
loss rate of 3.3%/hour the NaBr/trichloroisocyanuric acid 
composition should be 4.8% NaBr. The lines marked 'CR= 
4.0' and 'CR=0.5' give the relationship for the extremes of 55 
the most preferred Conversion Ratio. The dashed arrow at 
4% NaBr shows that a composition of 4% NaBr/96% 
trichloroisocyanuric acid can maintain the Conversion Ratio 
in the most preferred range of 0.5 to 4.0 for towers for 
PHBrL(BD)+PHOBrL=0.75%/hour to well over 5%/hour. 60 
This range covers virtually all common cooling tower sys- 
tems. In contrast, a composition with only 2% NaBr/98% 
trichloroisocyanuric acid will maintain the Conversion Ratio 
in the most preferred range only for PHBrL(BD)+PHOBrL 
between 0.38 and 2.5%/hour. Many common cooling towers 65 
have larger bromide ion loss rates than this, as was shown in 
Examples 3 and 4. 



This example shows the importance of understanding the 
relationship between the total bromide ion loss rate and the 
sodium bromide content of ACL90 PLUS/NaBr composi- 
tions and the capabilities of these compositions to attain and 
maintain the desired Conversion Ratios, especially those 
that enable these compositions to perform as bromine bio- 
cides. These same relationships also exist for other 
hypochlorite donor/bromide ion donor compositions and/or 
combinations. These relationships can be established with 
the methods described herein. 

For cooling tower operations subject to EPA discharge 
limits of 0.2 ppm (available chlorine basis), it is preferred to 
maintain the Conversion Ratio at or above one, since hypo- 
bromite species dissipate faster than hypochlorite species. 

For use in air washers, it is preferred that the Conversion 
Ratio be maintained at or above a value of one since it is 
important to eliminate all chlorine or chloramine odors from 
the air passed through the air washer. Odor is more impor- 
tant in air washers than in cooling towers since the washed 
air is used inside buildings, factories, and the like. Thus, 
somewhat higher percentages of NaBr are required for 
compositions of this invention used in cooling tower opera- 
tions subject to EPA limits and in air washers. For instance, 
FIG. 6 shows that a 4% NaBr/96% trichloroisocyanuric acid 
composition will maintain the Conversion Ratio in the 
preferred range of 1.0 to 4.0 for PHBrL(BD)+PHOBrL= 
0.75% to 2.75%/hour. If the loss rate is higher, a composi- 
tion with a higher NaBr percentage would be necessary. 

Example 14 

Demonstration of Bromide Ion Loss From Spas 

This example demonstrates the magnitude of bromide ion 
loss that can occur in a commercial spa. A spa with a 
capacity of 1000 gallons of water was chlorinated continu- 
ously with ACL90 PLUS (trichloroisocyanuric acid) around 
the clock to maintain a free chlorine concentration of 2 ppm. 
The spa water was maintained at a temperature of 40° C. The 
water was aerated only during the day, the high bather load 
period, for about 12 hours. Sufficient sodium bromide was 
added to the spa water to obtain a bromide ion concentration 
of 3 ppm. This is the amount required to attain a Conversion 
Ratio of 1.33 versus the optimum of 1.0 and to make the 
chemicals perform as a bromine sanitizer. Water samples 
were taken about every four hours for several days. The 
analyses showed that the bromide ion concentration 
decreased steadily from 3 to 1 ppm over a period of 6 days. 
The chlorine demand was about 10 ppm per day (available 
chlorine basis). During this period, the odor of the air above 
the spa changed gradually from that of bromamines to 
chloramines. These results demonstrated that bromide ion 
was lost from the water and that the hypohalite species were 
a mixture of hypochlorite and hypobromite species. As a 
consequence, the biocide performed more like a chlorine 
sanitizer than a bromine sanitizer. 



Control of Optimum Conversion Ratio in Spas with 

ACL90 PLUS/NaBr Compositions 
This example further demonstrates how knowledge of the 
bromide ion loss can be applied to the development of the 
appropriate sanitizer compositions. The results in Example 
14 show that the bromide ion loss rate was about 0.33 
ppm/day. This means that at least 2.5 grams must be added 
daily to maintain the desired concentration. The chlorine 
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demand during this period was about 10 ppm/day, which 
corresponds to a ACL90 PLUS consumption rate of 41.3 
grams/day. These results indicate that to satisfy the chlorine 
demand and bromide ion loss requirements with a product 
made of the two materials, the product must contain ACL90 5 
PLUS and sodium bromide in the weight proportions of 41 .3 
to 2.5. Thus, the tablet for this application must contain at 
least 94.3 wt % ACL90 PLUS and 5.7 wt % sodium 
bromide. 

To demonstrate the utility of this concept, an ACL90 10 
PLUS/sodium bromide mixture with 6% NaBr was com- 
pacted into one-inch tablets weighing 15 grams each. The 
tablets were placed in a standard erosion feeder where the 
water flow was adjusted to maintain the desired free halogen 
concentration of 2 ppm (available chlorine basis). Water 15 
samples were then taken periodically for six days. The 
bromide analyses showed that the bromide ion concentration 
built up steadily to the desired concentration and remained 
constant for the remainder of the test, thereby insuring that 
this product was performing as a bromine sanitizer. 20 

Bromine Volatilization Suppressant 

It has also been discovered that, in addition to simply 
adding enough bromide ion donor to compensate for all 25 
bromide ion losses, it is possible to approach the problem in 
a second way, that is, by reducing or suppressing the amount 
of volatilization of HOBr and bromamines. This can be 
accomplished by addition of a hypobromous acid volatil- 
ization suppressant compound. The volatilization suppres- 30 
sant must bind free bromine species (HOBr) strongly 
enough to reduce the concentrations of hypobromous acid 
and bromamine significantly, but not so strongly that the 
disinfecting properties of the bromine-based biocide will be 
reduced. In addition, the volatilization suppressant must be 35 
chemically compatible with the hypochlorite donor com- 
pounds in the single product compositions to be fed to the 

Cyanuric acid has been used in swintming pools to reduce 4Q 
the decomposition of hypochlorous acid by the UV rays of 
sunlight and in cooling towers to reduce the loss of free 
chlorine. However, cyanuric acid will not suppress the loss 
of free bromine by volatilization and degradation in sunlight 
because cyanuric acid does not bind free bromine as strongly 45 
as it does free chlorine. 

It has been found that hydantoin derivatives (such as 
DMH); sulfonamide derivatives; sulfamic acid derivatives; 
glycoluril derivatives; oxazolidinone derivatives; imidazo- 
lidinone derivatives; and succinimide derivatives are 50 
capable of acting as volatilization suppressants for free 
bromine. However, it was discovered that when hydantoin 
derivatives are used, the concentration of the volatilization 
suppressant relative to the concentration of the free bromine 
must be controlled in order to avoid significant reduction in 5 
the biocidal activity of the biocides of the present invention. 

DMH can be used to reduce bromide ion losses by 
reducing volatilization loss by as much as 85% before it 
begins to have a deleterious effect on the disinfection 
properties of the bromine-based biocide according to the 6 
present invention. However, DMH concentrations more than 
ten times the hypobromous acid concentration (expressed in 
terms of free available chlorine) can significantly decrease 
the biocidal effectiveness of the hypobromous acid. For 
example, if the free halogen level in the recirculating water 6 
is controlled at 0.5 mg/L (free available chlorine basis), 
DMH concentrations greater than 5.0 mg/L must be avoided. 
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DMH concentrations of over 50 mg/L can easily be reached 
if BCDMH is used as the biocide. Because of the potential 
for reducing the effectiveness of bromine-based biocides, 
the concentration of DMH or other stabilizer compounds 
should be maintained at an appropriately low level, prefer- 
ably less than 10 ppm in the case of DMH. 

Example 16 



In this particular experiment, the cooling water of 
Example 4 was dosed with enough sodium bromide to 
obtain a Conversion Ratio of about one. DMH was then 
added to the water in an amount sufficient to attain a 
concentration of 20 ppm. Again, lithium chloride was used 
as a tracer. The water was recirculated for about one hour to 
obtain a uniform distribution of chemicals. Water samples 
were then taken periodically for the next 24 hours and 
analyzed^ for bromide, lithium and DMH. The results are 
tabulated in Table 5. 

TABLE 5 



DMH Lithium 

Bromide Ion Concen- Conccn- Bromide 

Water Time Concentration tration traiion Ion 

Sample Hr. ppm ppm ppm Losses (%) 



These data demonstrate that bromide ion losses were 
reduced dramatically with the addition of DMH, thus estab- 
lishing another way to compensate for bromide ion losses 
via the volatilization pathway. 

Example 17 

Effect of DMH on Henry's Law Constants for 
Hypobromous Acid 

The previous example demonstrated that DMH could be 
used to obtain significant reductions in bromide ion losses 
from cooling water systems containing the hypochlorite 
donor/bromide ion donor compositions described in this 
invention. This example shows the effect of the DMH 
concentration on the tendency of the bromide ion to be lost 
from cooling waters by volatilization. Just as important, it 
provides data critical to controlling the DMH concentration 
so that the excellent biocidal properties of these bromine 
biocide compositions are not compromised by high DMH 
residuals. 

The effect of DMH concentration was demonstrated by 
determining the Henry's Law constants for a series of 
" i which the available halogen, bromide, pH and 
iperature were held constant but the DMH c< 



0.220 
0.037 
0.028 
0.024 



Depicting these results graphically, FIG. 7 shows that the 20 
Henry's Law constant decreased significantly as the DMH/ 
free bromine mole ratio increased from 0 to 10, but 
decreased very little above 10. These results indicate that 
there is no need to use DMH/free bromine ratios of greater 
than 10. More importantly, killing efficiency data show that 
the biocidal properties begin to decrease significantly above 25 
this ratio. 

The foregoing description has been directed to particular 
embodiments of the invention for the purposes of illustration 
and explanation. It will be apparent, however, to those 
skilled in this art that many modifications and changes in the 30 
compositions and methods set forth will be possible without 
departing from the scope and spirit of the invention. It is 
intended that the following claims be interpreted to embrace 
all such modifications and changes. 

What is claimed is: 35 

1. A solid biocidal composition for use in recirculating 
water systems comprising a hypochlorite donor, a bromide 
ion donor, and a bromine volatilization suppressant 

wherein the composition contains a biocidally effective 
amount of the bromide ion donor to make the compo- 40 
sition perform as a bromine biocide in said recirculat- 
ing water system and to maintain a mole ratio of the 
sum of all bromine containing species to the sum of all 
hypohalite species in the recirculating water of at least 
about 0.2 to about 20; and 45 

wherein the hypochlorite donor is sodium dichloro-s- 
triazinetrione; the bromide ion donor is sodium bro- 
mide, and the bromine volatilization suppressant is 
selected from the group consisting of unsubstituted, 
halogenated or alkylated hydantoin; unsubstituted, 50 
halogenated or alkylated sulfonamide; unsubstituted, 
halogenated or alkylated sulfamic acid; unsubstituted, 
halogenated or alkylated glycoluril; unsubstituted, 
halogenated or alkylated succinimide; unsubstituted, 
halogenated or alkylated oxazolidinone; or unsubsti- 55 
tuted, halogenated or alkylated imidazolidinone. 

2. The biocidal composition according to claim 1 wherein 
said bromine volatilization suppressant is selected from the 
group consisting of unsubstituted, halogenated or alkylated 
hydantoin or unsubstituted, halogenated or alkylated gly- 60 

3. The biocidal composition according to claim 2 wherein 
said bromine volatilization suppressant is a halogenated 
dimethylhydantoin or a halogenated glycoluril. 

4. The biocidal composition according to claim 3 wherein 65 
said bromine volatilization suppressant is a chlorinated or 
brominated dimethylhydantoin. 
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5. The biocidal composition according to claim 3 wherein 
said bromine volatilization suppressant is a chlorinated or 
brominated glycoluril. 

6. The biocidal composition according to claims 2, 3, 4 or 
5 comprising 

from about 85 parts by weight to about 98 parts by weight 

hypochlorite donor, 
from about 1 part by weight to about 15 parts by weight 
i bromide ion donor; and 

from about 1 part by weight to about 10 parts by weight 

bromine volatilization suppressant. 

7. The biocidal composition according to claims 1 or 2 
wherein said composition is in the form of a granular 

8. A method of controlling biofouling and microorganism 
population levels in a recirculating water system comprising 
(a) determining the rate of loss of bromide ion from the 
system due to blow-down, volatilization and formation of 
stable organobromine compounds; and (b) adding, in a 
biocidally effective amount to provide prolonged and con- 
trolled release of hypobromous acid and to maintain the 
mole ratio of the sum of all bromine containing species to 
the sum of all hypohalite species in the recirculating water 
in the range of at least about 0.2 to about 20, a solid biocidal 
composition comprising a hypochlorite donor, a bromide ion 
donor in amounts sufficient to make said composition per- 
form as a bromine biocide in said recirculating water system, 
and a bromine volatilization suppressant 

(i) wherein said hypochlorite donor is sodium dichloro- 



(ii) wherein said bromide ion donor is sodium bromide; 

(in) wherein said bromine volatilization suppressant is 
selected from the group consisting of unsubstituted, 
halogenated or alkylated hydantoin; unsubstituted, 
halogenated or alkylated sulfonamide; unsubstituted, 
halogenated or alkylated sulfamic acid; unsubstituted, 
halogenated or alkylated glycoluril; unsubstituted, 
halogenated or alkylated succinimide unsubstituted, 
halogenated or alkylated oxazolidinone; or unsubsti- 
tuted, halogenated or alkylated imidazolidinone. 

9. The method according to claim 8, wherein the bromine 
volatilization suppressant is selected from the group con- 
sisting of unsubstituted, halogenated or alkylated hydantoin 
or unsubstituted, halogenated or alkylated glycoluril. 

10. The method according to claim 9, wherein the bro- 
mine volatilization suppressant is a halogenated dimethyl- 
hydantoin or a halogenated glycoluril. 

11. The method according to claim 10, wherein the 
bromine volatilization suppressant is a chlorinated or bro- 
minated dimethylhydantoin. 

12. The method according to claim 10, wherein the 
bromine volatilization suppressant is a chlorinated or bro- 
minated glycoluril. 

13. The method according to claims 9, 10, 11 or 12 
wherein said biocidal composition comprises: 

from about 85 parts by weight to about 98 parts by weight 

hypochlorite donor; 
from about 1 part by weight to about 15 parts by weight 

bromide ion donor, and 
from about 1 part by weight to about 10 parts by weight 

bromine volatilization suppressant. 

14. The method according to claims 8 or 9, wherein said 
composition is in the form of a granular mixture. 



5,476,670 



35 

15. A solid biocidal composition for controlling biofoul- 
ing and microorganism population levels in recirculating 
water systems that provides hypobromous acid when 
immersed in water, comprising a hypochlorite donor, a 
bromide ion donor in amounts sufficient to make said 5 
composition perform as a bromine biocide in said recircu- 
lating water system, and a bromine volatilization suppres- 

(i) wherein said hypochlorite donor is sodium dichloro- 
s-triazinetrione; io 

(ii) wherein said bromide ion donor is sodium bromide; 

(Hi) wherein said bromine volatilization suppressant is 
selected from the group consisting of unsubstituted, 15 
halogenated or alkylated hydantoin; unsubstituted, 
halogenated or alkylated sulfonamide; unsubstituted, 
halogenated or alkylated sulfamic acid; unsubstituted, 
halogenated or alkylated glycoluril; unsubstituted, 
halogenated or alkylated succinimide; unsubstituted, 2Q 
halogenated or alkylated oxazolidinone; or unsubsti- 
tuted, halogenated or alkylated imidazolidinone. 

16. The biocidal composition according to claim 15 
wherein said bromine volatilization suppressant is selected 
from the group consisting of unsubstituted, halogenated or ^ 
alkylated hydantoin or unsubstituted, halogenated or alky- 
lated glycoluril. 

17. The biocidal composition according to claim 16 
wherein said bromine volatilization suppressant is a halo- 
genated dimethylhydantoin or a halogenated glycoluril. 3Q 

18. The biocidal composition according to claim 17 
wherein said bromine volatilization suppressant is a chlori- 
nated or brominated dimethylhydantoin. 

19. The biocidal composition according to claim 17 
wherein said bromine volatilization suppressant is a chlori- 3J 
nated or brominated glycoluril. 

20. The biocidal composition according to claims 15, 16, 
17, 18 or 19 comprising 

from about 85 parts by weight to about 98 parts by weight 
hypochlorite donor; 40 

from about 1 part by weight to about 15 parts by weight 
bromide ion donor; and 

from about 1 part by weight to about 10 parts by weight 
bromine volatilization suppressant. 

21. The biocidal composition according to claims 15 or 16 45 
wherein said composition is in the form of a granular 
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22. A method of providing biocidal control in a recircu- 
lating water system comprising adding to the recirculating 
water system a hypochlorite donor, a bromide ion donor and 
a bromine volatilization suppressant, 

(i) wherein said hypochlorite donor is sodium dichloro- 
s-triazinetrione; 

(ii) wherein said bromide ion donor is sodium bromide; 

(iii) wherein said bromine volatilization suppressant is 
selected from the group consisting of unsubstituted, 
halogenated or alkylated hydantoin; unsubstituted, 
halogenated or alkylated sulfonamide; unsubstituted, 
halogenated or alkylated sulfamic acid; unsubstituted, 
halogenated or alkylated glycoluril; unsubstituted, 
halogenated or alkylated succinimide; unsubstituted, 
halogenated or alkylated oxazolidinone; or unsubsti- 
tuted, halogenated or alkylated imidazolidinone. 

23. The method according to claim 22, wherein the 
bromine volatilization suppressant is selected from the 
group consisting of unsubstituted, halogenated or alkylated 
hydantoin or unsubstituted, halogenated or alkylated gly- 

24. The method according to claim 23 wherein said 
bromine volatilization suppressant is a halogenated dimeth- 
ylhydantoin or a halogenated glycoluril. 

25. The method according to claim 24 wherein said 
bromine volatilization suppressant is a chlorinated or bro- 
minated dimethylhydantoin. 

26. The method according to claim 24 wherein said 
bromine volatilization suppressant is a chlorinated or bro- 
minated glycoluril. 

27. The method according to claim 22, 23, 24, 25 or 26 
comprising 

from about 85 parts by weight to about 98 parts by weight 

hypochlorite donor, 
from about 1 part by weight to about 15 parts by weight 

bromide ion donor; and 
from about 1 part by weight to about 10 parts by weight 

bromine volatilization suppressant. 

28. The method according to claim 22 or 23 wherein said 
hypochlorite donor, bromide ion donor and bromine vola- 
tilization suppressant are added in the form of a granular 
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Motivation 

Salt water intrusion is a potential threat to drinking water supplies in the coastal areas of the USA. Cities 
along the coast are increasing their pumping of groundwater to support a rising population. The increased 
pumping may result in an increase of chlorides in the well water due to the upconing of brackish groundwater. 
Even a small concentration of chlorides will give the water a salty taste: water tastes salty to most people 
if the concentration of chlorides is 0.25 g/1 or greater. Sea water, on the other hand, contains about 18 
grams of chlorides per liter. The maximum guideline concentration set by the World Health Organization 
is 0.25 grams of chlorides per liter. The potential upconing of brackish groundwater may be studied by the 
simulation of groundwater flow with a numerical model. 

Groundwater flow in coastal aquifers is affected by the difference in density between fresh and salt water. 
The fresh water is separated from the salt water through a brackish transition zone, in which the salinity 
(and thus the density) of the water varies from that of salt water to that of fresh water. If the transition zone 
is relatively thin, the transition from fresh to salt water may be modeled as an abrupt one: the fresh water is 
separated from the salt water by an interface. If this is not the case, the effect of the variation in density on 
the flow in the transition zone must be taken into account. The modeling of the flow generated by variations 
in density, the variable density flow, is the subject of this report. Specifically, it is investigated whether 
groundwater flow in coastal aquifers can be modeled under the Dupuit approximation in combination with 
analytic elements. 

Background 

Numerous numerical models are available to simulate variable density flow for both two-dimensional flow 
in the vertical plane and three-dimensional flow. The flow field may be modeled with the finite-element 
method or the finite-difference method while the solute transport equation may also be solved by the random 
walk method or the method of characteristics. Two-dimensional models include SUTRA (Voss, 1984), and 
MOCDENSE (Sanford and Konikow, 1985), the variable density version of MOC (Konikow and Bredehoeft, 
1978). Three-dimensional models include HST3D (Kipp, 1986) and SWICHA (Lester, 1991). Maas and 
Emke (1988) developed a procedure to simulate variable density flow with numerical models for single 
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analyte, due to the extra time involved or changes of 
reaction conditions for the test. 

Ma nganese Compound s 

Manganese can exist in oxidation states of +2 through 
+7. The higher oxidation states, typically +3 to +7, will 
interfere with all the common chlorine methods. Free 
chlorine reacts to oxidize soluble manganese 
compounds. For example: 

Mn 2+ + HOCI + 30H- Mn0 2 + Cr + 2H 2 0 

Apparently, chloramines will not oxidize manganous 
compounds. Oxidized manganese will react directly with 
the DPD indicator. It is claimed that Mn (+4) does not 
interfere in the FACTS method at a 1.0 mg/L level (Ref. 
3-2). At 2.6 mg/L Mn (+4), interference is noted after five 
minutes with the FACTS test. Oxidized manganese (+4 to 
+7) also will interfere in the amperometric titration for 
free chlorine. 

Iodide can be oxidized by Mn (+4 to +7) to L,, which will 
interfere in both the colorimetric and titrimetric methods 
for total chlorine. The interference of oxidized manganese 
in back-titration methods appears to be a function of 
iodide concentration and the test pH (Ref 3.3). 
The customary procedure to compensate for manganese 
interference in the DPD methods is to first dechlorinate 
the sample' with sodium arsenite, which does not affect 
the manganese, and then proceed with the test. The 
result obtained with the dechlorinated sample is 
subtracted from the normal test result to obtain the 
correct chlorine concentration. Unfortunately, alternative 
reducing agents, such as PAO, thiosulfate, or ferrous salt, 
cannot be used because they also will reduce Mn (+7). 

Organic Chloramines 

There is considerable debate over the interference of 
organic chloramine compounds with the cited free 
chlorine tests/Organic nitrogen compounds can combine 
with chlorine analogous to the reaction with ammonia: 

RNH 2 + HOCI RNHCI + H 2 0 
where R = the organic moiety 

Typical organic nitrogen compounds would include 
common amino acids and heterocyclic bases. Free 
chlorine reacts quickly with these types of compounds to 
form non-germicidal organic chloramines; 

Published studies (Ref s. 3-4, 3-5) have concluded that 
certain organic chloramines, especially N-chlorinated 



amino acids and N-chlorinated heterocyclic compounds, 
will interfere with all the common analytical methods for 
free chlorine. However, chlorinated amino acids do not 
appear to interfere in the free chlorine DPD and FACTS 
methods. 

White (Ref. 3-6) has contested the validity of organic 
chloramine interference in the amperometric titration 
method. Based on his observations and surveys of 
wastewater disinfection systems, he contends that 
organic chloramines will be detected only as the 
dichloramine fraction when titrated in a forward 
amperometrictitration. 

At this time, the interference of organic chloramines in 
the free chlorine tests must be considered conditional, 
pending additional research. 

Bromide in Chlorinated Waters 

Sea water and estuary water may contain natural levels of 
bromide ions up to 65 mg/L. The addition of chlorine to 
waters containing bromide will produce hypobromous 
acid and hypobromite ion: 

Br + HOCI ►HOBr + Cr 

This reaction is irreversible and the product will interfere 
with all common analytical procedures for free chlorine. 
If ammonia is present in the sample, MOBr will react with 
ammonia forming bromamines. Bromamines will react 
with iodide reagent analogously to the chloramine 
reaction, indicating a positive interference in the total 
chlorine test. 

Tt should be noted, that bromide, when present in a 
chlorinated sample, forms a disinfectant (hypobromite 
and/or bromoamines) and, technically, the analytical 
results would indicate the total oxidizing capacity of 
the sample. 

3c. Errors Common to Total Chlorine 
Determinations 

All of the common total chlorine methods are based on 
the oxidation of iodide to triiodide ion. There are several 
potential sources of errors related to the iodide/triiodide 
reaction. They include: 

• air oxidation of the iodide reagent 

• volatilization of produced iodine 

• iodine or iodate contamination in the iodide reagent 

• consumption of triiodide by sample components. 
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[57] ABSTRACT 

Processes for preparing a relatively concentrated aqueous 
solution of about 700-3000 ppm hyprobromous acid are 
provided. Hypochlorous acid solutions are prepared by 
either reacting chlorine gas with water or sodium hypochlo- 
rite with an acid. The resulting hypochlorous acid is then 
reacted with an alkali metal or alkaline earth bromide in 
order to form the hypobromous acid. Critical parameters are 
pH, Br/CI mole ratio, and chlorine concentration. Under 
optimum conditions, substantially 100% conversion of bro- 
mide to hypobromous acid can be attained. 

19 Claims, 4 Drawing Sheets 
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1 2 

PROCESS FOR THE PREPARATION OF 3H0Br->BrO 3 -42Br+3H + 
AQUEOUS SOLUTIONS OF BROMINE cu „ „ + 

BASED DISINFECTANTS 5HOBr-»H +Br0 3 +28^+21^0 

- ,. . „ „ . There is much less corrosion with bromine-based disin- 

° T^S ™ fectants - such 88 hypobromous acid, than with chlorine. This 

" r, "" 0T,c ' 0 i s tj^e f or two reasons _ pj rst) tj, e res i(jual concentration of 

hypobromous acid is much lower than chlorine due to its 
higher potency against organisms and its rapid decomposi- 
tion rate. Secondly, it has a lower oxidation potential than 
10 chlorine which has 2-3 times more corrosive effect than 
bromine-based disinfectants. 

Various methods have been employed to introduce bro- 
mine-based disinfectant systems into aqueous solutions for 
the purpose of preventing the growth of harmful and offen- 
15 sive microorganisms. 

Among these are various N-brominated organic com- 
pounds, in which the bromine atom is loosely bound and 
capable of rapid reaction to give hypobromous acid when 
added to water. An example of this type of compound is 
2{J bromochlorodimethylhydantoin (BCDMH) which, when 
added to water, undergoes hydrolysis to give hypobromous 
acid and hypochlorous acid by the following reaction: 



This is a 

filed Jun. 11, 1993, now abandoned, entitled PROCESS 
FOR THE PREPARATION OF AQUEOUS SOLUTIONS 
OF BROMINE BASED DISINFECTANTS which is a con- 
tinuation of Ser. No. 07/878,773 filed May 5, 1992, now 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the production of con- 
centrated aqueous solutions of bromine-based disinfectants. 
More particularly, the present invention relates to a process 
for the generation of hypobromous acid. 

2. Description of the Prior Art 
Industrial process waters, such as cooling tower water, 

paper plant water, and the like are often contaminated with 
undesirable microorganisms. Waste waters from sewage 
plants constitute another source of contaminants such as 
coliform, viruses, and other organisms which must be elimi- 
nated before discharge. 

In cases where treated water is discharged into rivers and 
streams, it is important that low residual oxidant be main- 
tained and that any disinfectant discharged be of low tox- 

Chlorine has long been employed in the disinfection of 
drinking water, process water, cooling water, waste water, 
and the like. However, the use of chlorine has generated 
problems in some of the above uses. For example, the use of 
chlorine in the disinfection of drinking water containing 
organic contaminants has led to the formation of high levels 
of trihalomethanes, which are carcinogenic. The use of 
chlorine in process and cooling water has led to excessive 
corrosion of equipment In addition, chlorine residuals in 
waste water lead to destruction of aquatic life when the 



Substitution of bromine-based disinfectants, such as 
hypobromous acid (HOBr), for chlorine has the following 



(i) hypobromous acid it is a more powerful disinfectant ' 
than chlorine, allowing the maintenance of much lower 
residuals to attain the same kill; 

(ii) hypobromous acid decomposes into harmless prod- 
ucts much more rapidly than chlorine-based disinfec- 
tants such as hypochlorous acid, giving a much lower 
concentration of toxic materials at discharge into 
marine waterways; 

(iii) hypobromous acid is much less toxic to aquatic life 
(especially the initial species in the aquatic food chain) 
than the same concentration of hypochlorous acid; 

(iv) the ability to use lower residual concentrations of 
hypobromous acid, leads to lower i 
harmful by-products such as t 

(v) lower residual concentrations of hypobromous acid, 1 
plus its rapid rate of decomposition to non-toxic prod- 
ucts, reduces the cost of total dehalogenation (before 
discharge) to insignificance. 

Several paths of decomposition of hypobromous acid are 
possible as shown in the following reactions: 1 

2HOBr-»2H*+2Br-+0 2 t 



QH^BrCnNjO^HjO^CjHsNA+HOBr+HOQ 

' The hypohalous acids (HOBr and HOC1) thus generated 
are powerful disinfectants and will kill any organisms 
present and prevent the growth of any objectionable micro- 
biological life forms. However, this type of brominated 
organic compound has several disadvantages. The cost is 

) very high and a dimethylhydantoin by-product is produced. 
The presence of hypochlorous acid in the solution poses 
problems on discharge into streams or rivers due to its 
stability and toxicity to marine life. 
Another method of generating hypobromous acid is by the 

i hydrolysis of bromine chloride (BrCl) according to the 
following reaction: 

BrCl+HjO-^HOBr+HCl 

, Bromine chloride is a liquid under pressure. When used in 
the same type of cylinders used for chlorine, it requires a 
specially designed, expensive liquid feeder to proportion the 
bromine chloride into water. It also creates safety concerns 
due to the necessity of storing large quantities of gas on-site. 

i Yet another method of generating hypobromous acid is to 
chlorinate water and then to pump a solution of sodium 
bromide (NaBr) into water containing hypochlorous acid 
(HOC1). The following equations illustrate this method: 

( a 2 +H 2 o->Hoa+HCi 

HOa+NaBr->HOBr+HCl 

The disadvantage in using this method is that the water 
contacts chlorine before the hypobromous acid is formed 

i and chlorinated by-products may be formed in waste the 
water. Also, in high chlorine demand water, the chlorine may 
not be available to oxidize the bromide ion (Br — ) to 
hypobromite ion (OBr— -) due to prior reaction. In addition, 
there is no control of reaction conditions to assure optimum 

i conversion of the bromide to hypobromous acid. The con- 
centration, pH and bromide/chlorine (Br/CI) mole ratio are 
all important in the above reactions. It is almost impossible 
to control all of these variables using a pump to add the 
bromide ion to the chlorinated water. 

i U.S. Pat. No. 4,451,376 (to J. D. Sharp) indicates that it 
is not efficient to prepare hyprobromous acid directly in a 
biologically contaminated water system due to the loss of 



hypochlorous acid and the resulting poor conversion of 
bromide ion to hyprobromons acid. It also points out that the 
hyprobromous acid should be prepared as a treating solution 
which then contacts the unwanted microorganism. It further 
points out the fact that if sodium hypochlorite or chlorine is 5 
combined with a bromide salt in a mixing tank in an effort 
to produce hypobromous acid, the hypobromous acid is not 
stable at concentrated levels and decomposes to bromine, 
bromate and bromite. 

Thus, there is no method for generating hypobromous 10 
acid wherein all of the variables can be controlled by a single 
apparatus and where the yield of hypobromous acid 
approaches 100%. 

Accordingly, it is an object of the present invention to 
provide novel processes for the generation of relatively is 
concentrated solutions of hypobromous acid. Another object 
of the present invention is to provide a process which gives 
high yields of relatively concentrated hypobromous acid in 
water from non-hazardous reactants. 

These and other objects, as well as the scope, nature and 20 
utilization of the invention will become apparent to those 
skilled in the art from the following description, the draw- 
ing, and the appended claims. 

SUMMARY OF THE INVENTION M 

The above problem is eliminated by the present processes. 
In the preferred process the compounds separately react in a 
relatively dilute water stream. In an alternate process the 
compounds are prereacted and the reaction mixture is intro- 
duced into the water stream. Preferably, the processes are 30 
carried out in an apparatus, hereafter referred to as a 
generator, which has an eductor. The residence time in the 
generator is very low. About 2000 ppm hypobromous acid 
are produced, which is subsequently diluted to use levels of 
about 0.1 to 3 ppm. The synthesis is completed under 35 
optimum conditions within seconds and the resulting hypo- 
bromous acid is further diluted immediately, thus minimiz- 
ing decomposition reactions. In the process of U.S. Pat No. 
4,451,376, it is necessary to add a dispersing agent to the 
bromide salt before mixing with the chlorine donor to 40 
prevent these unwanted decomposition reactions in the 
concentrated hypobromous acid. 

The preferred process for the preparing an aqueous solu- 
tion of hypobromous acid comprises the steps of: 

(a) separately feeding compounds, which when reacted 45 
together yield hypobromous acid, via separate feed 
lines into a water stream, followed by complete mixing 

of the compounds; 

(b) allowing the compounds to react in the water stream 50 
to yield hypobromous acid and thereby form the aque- 
ous hypobromous acid solution, and; 

(c) monitoring the pH of the formed aqueous hypobro- 
mous acid solution using a pH meter provided down- 
stream of the reaction between the compounds which 55 
yield the hypobromous acid. 

In one embodiment of this preferred process, the com- 
pounds which are separately fed into the water stream are 
gaseous chlorine and an aqueous solution of an alkali metal 
bromide or an alkaline earth metal bromide. 60 

In the second embodiment of the preferred process, the 
compounds are also gaseous chlorine and an alkali metal 
bromide or an alkaline earth metal bromide. In this embodi- 
ment the chlorine gas is pumped into the water stream first 
and then the aqueous solution of the alkali metal or alkaline 65 
earth bromide is pumped into the hypochlorous acid solution 
resulting from the reaction of the chlorine and water. 



An apparatus capable of carrying out the above embodi- 
ments is marketed by International Dioxcide, Inc. under the 
trademark of OXYCHLOR n™ and is described in U.S. Pat. 
No. 5,009,875 (issued Apr. 23, 1991 to J. M. Kelley et al.), 
the disclosure of which is incorporated herein by reference. 
One skilled in the art would recognize that the apparatus 
described in the '875 patent can be modified to allow the 
water to be chlorinated first. 

In a third embodiment of the preferred process, an aque- 
ous mixture of alkali metal hypochlorite (e.g., sodium 
hypochlorite) and an acid (preferably hydrochloric acid) are 
substituted for the chlorine gas. This is done when it is 
desired to eliminate the storage of chlorine gas. In this 
embodiment the sodium hypochlorite (NaOCl) and hydro- 
chloric acid (HQ) are premixed, before addition to the water 
stream, to give hypochlorous acid according to the following 
equation: 

NaOCl+HCl->HOCl+NaCl 

An excess of the acid may be added to the water solution to ■ 
maintain the pH at the optimum level. 

An apparatus capable of carrying out the above embodi- 
ment is the OXYCHLOR HI™ generator marketed by 
International Dioxcide, Inc. 

An alternate process for preparing an aqueous solution of 
hypobromous acid comprises the steps of: 

(a) prereacting compounds which when reacted together 
yield hypobromous acid; 

(b) feeding the reaction mixture into a water stream to 
form the aqueous hypobromous acid solution; and 

(c) monitoring the pH of the hypobromous acid solution 
formed using a pH meter provided downstream of 
where the reaction between the compounds which form 
the hypobromous acid occurs. 

The compounds used in the above process are gaseous 
chlorine and an alkali metal bromide or an alkaline earth 
metal bromide. The preferred alkali metal bromide is sodium 
bromide. Preferably the reaction mixture is fed into an 
eductor through which the water stream flows. 

One skilled in the art will recognize that the apparatus 
described in the '875 patent can be repiped to allow the 
compounds to prereact before introduction into the water 

Optionally, a purge cycle may be included in the above 
processes in order to flush out any residual chemicals with 
water when the apparatus is shut down. 

The aqueous hypobromous acid solution resulting from 
these process is added to the stream of water to be disin- 
fected at a rate sufficient to give the desired final concen- 
tration of hypobromous acid in the water to be treated, 
usually in the range of 0.1 to 3 ppm. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically depicts an apparatus useful in the 
practice of the present invention. The apparatus described is 
useful without modification for the first embodiment of the 
preferred process. It can be modified as previously discussed 
for use with the other embodiments and alternate process. 

FIGS. 2-3 are bar charts to show the effect of pH & Br/CI 
on yield. 

FIG. 4 is a bar chart to show the chlorine concentration 
versus yield. 



In the preferred process of the present invention, com- 
pounds, which when reacted together produce hypobromous 



5,516,501 



acid, are fed via separate feed lines into a water stream, 
preferably into an eductor through which the water stream is 
flowing. In an alternate process, a reaction mixture contain- 
ing the prereacted compounds is fed into a water stream, 
preferably into an eductor through which water stream is 
flowing. 

Preferred starting compounds are chlorine gas and a 
concentrated solution of an alkali metal bromide or alkaline 
earth metal bromide, preferably sodium bromide, dissolved 
in water. The highest possible concentration of sodium 
bromide in the aqueous solution is desirable because it 
allows the highest production of hypobromous acid. The 
sodium bromide concentration is preferably 40 weight % or 
greater, but concentrations of 20-40 wt. % are suitable. The 
chlorine gas is dissolved in and/or reacts with 



Turning now to the drawing of FIG. 1, there is schemati- 
cally depicted an apparatus for use in the preferred process 
which utilizes chlorine gas and an aqueous solution of 
sodium bromide as the separately fed reactants. All of the 
reactants required for the process can be mounted on a panel 
1, which panel can be wall mounted if desired. In the system 
depicted, a supply means for water can be connected to inlet 
means 21. The amount of water provided to the reaction area 
can be controlled by valve 16. The pressure of the normal 
i water supply is generally around 40 to 60 psig, but this is not 
critical. Lower pressures can be used as a booster pump 10 
. will compensate therefore. The flow of water cannot only be 
controlled by supply valve 16, but also by solenoid valve 8. 
Gaseous chlorine is provided, preferably under vacuum, 



produce hypochlorous acid which reacts almost instanta- 15 by fe . ed line 22 ' *** ^ su PP'y rate bein S adjusted by 

~ chlorine meter 2. The aqueous sodium bromide solution is 

supplied by feed line 23, with the supply rate being adjusted 
by meter 3. Both of the feed lines contain solenoid valves 9, 
which can control the flow of reactants through the feed line. 

The aqueous sodium bromide solution and chlorine gas 
are fed by their respective feed lines, preferably under 
vacuum, into eductor 5, through which the water stream 
flows. The chemical reactants and the water are then passed 
through a static mixer 25 to insure complete mixing of the 



neously with the bromide ion. The reactions which result in 
the formation of hypobromous acid are practically instan- 
taneous and are as follows: 

Cl^O-^HOa+HCl (i) 
HOCl+NaBr->HOBr+NaCl (2) 



In general, it is preferable to dilute the compounds 
'~x stream rather than to allow pure chlorine gas to i 



the sodium bromide solution because of the following side 25 com POunds and into reactor column 4, wherein the re 



of the chlorine gas and the sodium bromide to form hypo- 
bromous acid takes place. The reactor column 4 preferably 
provides sufficient retention time to provide high yields of 
hypobromous acid. The resultant hypobromous acid solution 
JJf 30 is then transferred via line 30 from the reactor column to exit 
24, from which the hypobromous acid solution can be 
passed to a holding tank or to its ultimate end use, for 
example, the treatment of waste water discharge in a sewage 
plant. Before exiting, however, the hypobromous acid solu- 
tion can be viewed through sight glass 6. The hypobromous 
acid solution is also monitored by pH meter 7. The optimal 
pH of the product solution is between 2.3 and 2.8. A pH 
within this range indicates the generation process is pro- 
ceeding at the optimum level. If a further analysis is to be 
performed, the hypobromous acid solution can be drawn 
from tap 15 provided at the base of reactor column 4. 

The preferred source of bromide ion for use in this process 
and apparatus is an aqueous solution of sodium bromide; 
however, other water soluble, bromide-containing com- 
pounds can be used. Such compounds include alkali metal 
bromides, alkaline earth bromides, and hydrogen bromide 
(HBr). 

The preferred source for generating the hypochlorous acid 
" chlorine gas, which reacts with water almost instanta- 



o between the sodium bromide and chlorine gas: 

2NaBr+CI 2 -»Br 2 +2NaCt 

In this side reaction some of the bromide ioi 

converted to free bromine. This is undesirable 

reaction of bromine with water is slower than the reaction of 
chlorine with water, although it will eventually give hypo- 
bromous acid by the following equation: 

Br 2 +H 2 0-»HOBr+HBr 

Alternatively, it is possible to use hydrochloric acid, sodium 
hypochlorite, and sodium bromide as reactants to achieve 
the same result without using gaseous chlorine. 

In the preferred process, once the compounds are intro- 
duced into the water stream and diluted, they are mixed by 
passage through an in-line static mixer. Although the reac- 
tions leading to the formation of hypobromous acid are 
instantaneous, preferably a reaction chamber or line is 
provided so that sufficient time is provided for complete 
reaction to occur. 

In the preferred process, shutoff valves are provided in the 
feed lines. When closed, the shutoff valves restrict any 
further flow of the compounds through the feed lines. In the 
apparatus marketed by International Dioxcide, Inc., these 

shutoff valves can be actuated by a supply monitoring 50 neousl y t0 for ™ toe desired hypochlorous acid. Alternately, 
system if any one of the compounds is depleted, thus ceasing hypochlorous acid may be formed by acidification of a 
the generation of hypobromous acid and shutting the unit sodium hypochlorite solution (i.e., a bleach solution) in 
down. cases where it is desired not to store or use chlorine gas. 

The monitoring by the pH meter is extremely important to Based on the data from experimental runs made in an 
the objectives of this invention. The use of this pH meter 55 OXYCHLOR n™ generator, which data is presented below, 
permits the generation of hypobromous acid at high con- certain process parameters are critical in producing high 
version under optimal conditions. Incomplete reaction of the yields of hypobromous acid. Among these are concentration 
sodium bromide or free chlorine and the presence of sodium of chlorine when using concentrated aqueous sodium bro- 
bromide or free chlorine in the product is extremely unde- mide solutions, pH of the generator effluent, and the bro- 
sirable. The optimum pH for the hypobromous acid solution 60 mide/chlorine (Br/CI) mole ratio. 

is from about 2.3-2.8. This pH will give high conversions of The concentration of chlorine (grams per liter) when 
the sodium bromide to hypobromous acid. Control points on mixed with a concentrated bromide solution, appears to be 
the pH meter can be set to shut off the flow of compounds critical to the yields obtained in the above-described gen- 
or to signal an alarm when the pH is outside of the set limits. erator. For example, when a small (3.2 gallons per minute) 
Preferably, the feed lines are under vacuum. This is an 65 nozzle was used in the water ejector system of the OXY- 
added safety feature to prevent escape of the compounds CHLOR II™ generator, the yields of hypobromous acid 
during operation or shutdown. were only in the 65% range. However, by simply increasing 



the ejector size to give a flow of 5.2 gallons per minute 
water, with all other conditions being the same, the yield of 
hypobromous acid was increased to substantially 100%. 
This would equate to the requirement that the chlorine 
concentration be below 3 grams per liter when feeding a 5 
40% sodium bromide solution to attain high yields of 
hypobromous acid. 

The pH of the solution in which the hypobromous acid is 
being generated is also an important variable. Results have 
shown that a pH range of about 2.3 to 2.8 will, in general, 10 
give the highest yields of hypobromous acid from the 
generator when the bromide/chlorine mole ratio is near 1.0 
or less. 

The bromide/chlorine mole ratio is also important. At pH 
values above about 3.0 it has been observed that as this mole 15 
ratio approaches an optimum value of 1.5 or greater, the 
yield of hypobromous acid approaches 100%. 

The chemistry of this process is not simple and there are 
side reactions which can be important in the efficiency of the 
hypobromous acid generation. For example, it was observed 20 
during the experimental runs that rather pronounced reddish- 
brown solutions resulted when the generator was operated at 
pH values above about 2.8. As the pH was decreased to 
below about 2.8 and approached 2.3, the color of the 
solution decreased markedly and approached a pale yellow 25 
color. The main reactions believed to occur in this generator 
are reactions (1) and (2) discussed previously. 

Reaction (3), shown below, can produce some free bro- 
mine since, under the conditions of generator operation, free 
chlorine can occur in the water solution below pH 4.0 and 30 
can lead to the formation of free bromine. 



EXAMPLES 1-11 

These experiments were run in a generator manufactured 
by International Dioxcide, Inc. without modification of the 
generator. In these experiments a 25% by weight aqueous 
solution of sodium bromide was fed through the sodium 
chlorite rotameter and the chlorine gas was fed through its 
regular feed line and the rotameter. The pH probe was 
standardized at pH 4.0 and 10.0 with standard buffer solu- 

The total oxidant concentration was measured by the 
standard potassium iodide — thiosulfate method using a 10 
ml. sample from the generator. The results are reported as 
ml. of thiosulfate used to react with the liberated iodine. 
These figures were then used to calculate the hypobromous 
acid content from the generator, not correcting for side 
reactions or excess hypochlorous acid. The ppm of hypo- 
bromous acid of by material balance has been calculated by 
assuming that the lowest number of moles of chlorine or 
sodium bromide fed to the generator gave 100% conversion 
to hypobromous acid. Because of the color changes 
observed during the various experiments, absorbance at 390 
nanometers was measured. 

The data gathered in these experiments is shown in Table 



EXAMPLES 12-21 



Cl 2 +2Br-»Br 2 +2CT 



(3) 



These experiments were carried out exactly as indicated 
in Examples 1-11 except that a 20% by weight aqueous 
solution of sodium bromide was used instead of the 25% 
solution. The results of these runs are given in Table II. 

EXAMPLES 22-39 

These experiments were carried out exactly as indicated 
in Examples 1-11 except that a 40% by weight aqueous 
solution of sodium bromide was used and a #13 (3.2 gallons 
per minute) or a #15 (5.2 gallons per minute) nozzle was 
used in the experiments. The results of these runs are given 
in Table III. 

Analysis of these results have been plotted in FIGS. 2-4. 
The results indicate that when the bromide to chlorine mole 
ratios approach 1.0, a pH in the range of 2.3- 2.8 is 
necessary to get high conversions of sodium bromide to 
hypobromous acid. They also indicate that a bromide to 
chlorine mole ratio of 1.5 tends to give higher conversions 
to hypobromous acid, other conditions such as pH being 
constant. Thirdly, they show that there is a critical concen- 
tration of chlorine— that chlorine concentrations above 
about 3.0 grams per liter reduced the yield of hypobromous 
acid when concentrated sodium bromide solutions (40% by 
weight) were fed. 

EXAMPLE 40 

An Oxychlor M™ generator manufactured by Interna- 
tional Dioxcide, Inc. is used in this experiment. The major 
give hypobromous add and bromine, exp"laining"the disap- difference between this reaction and the reaction carried out 
pearance of the reddish-brown color. Another reason for the in 0115 0x y ch)or H™ generator used in Examples 1- 39 is 
disappearance of the reddish-brown color is the fact that free 60 ^ ^ chlorme is generated by reacting hydrochloric acid 
bromine can react with hypochlorous acid by the following ^ sodium hypochlorite (bleach). Two separate streams of 
reaction: hydrochloric acid and bleach are mixed prior to entering the 

#15 eductor and then mixing with the water. The sodium 
Br 2 +5Hoci+HjO->2HBi0 3 +5HCi bromide rotameter is set at 30 to give a flow of 138.2 lbs./day 

65 of pure sodium bromide. The sodium hypochlorite rotameter 
The following examples will illustrate the invention but is set to deliver 63 lbs/day of pure sodium hypochlorite (504 
not limit the scope of the invention. lbs/day of 12.5 wt % commercial bleach). The hydrochloric 



In turn, the free bromine can react with water to slowly 3 
form hypobromous acid according to the following equa- 



Br 2 +H 2 O-»H0Br+HBr 

This reaction is rather slow when compared to the reaction " 
rate of chlorine with water. The equilibrium constant for the 
above reaction is S.BxlOr 9 at 25° C. 

Also, the co-product hydrogen bromide (HBr) can react 
with hypochlorous acid to give additional hypobromous acid 
as shown in Reaction (4). < 

2HBr+a 2 +2H 2 0->2HOBr+2HCl (4) 

Thus, through various side reactions, the apparent yield of 
hypobromous acid could appear to be over 100%. 5 

Reaction of free bromine (Br 2 ) with a bromide ion (Br—) 
can form a perbromide ion (Br 3 — ) by the following reac- 



This complex ion has a deep red color. However, 
presence of excess hypochlorous acid, it probably reacts to 
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acid rotameter is adjusted to give the solution in the gen- 
erator a pH of about 3.0. The water exiting the generator 
should contain about 775 ppm of hypobromous acid, which 
is substantially 100% yield based on the bleach fed to the 
generator. : 

EXAMPLE 41 

An Oxychlor H™ generator equipped with a #15 nozzle 
is modified to allow the water to be chlorinated first and a 
concentrated 40% sodium bromide solution is pumped into 1 
the water stream downstream from the chlorinator. The 
chlorinator rotameter is set for about 60 lbs. of chlorine gas 
per day. The chemical feed pump is set to deliver 138 lbs. per 
day of pure sodium bromide. After sufficient time is elapsed 
to allow for equilibrium, a sample should be taken from the 1 
generator and analyzed for hypobromous acid content. The 
yield of hypobromous acid should be 98%. 

EXAMPLE 42 

2 

An Oxychlor n™ unit is repiped to allow the pure 
chlorine gas and a 40% sodium bromide solution to prereact 
before dilution with water in the eductor system. Although 
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some hypobromous acid should be produced immediately 
upon start-up, the solution will be considerably redder in 
color than when the components are fed separately into the 
eductor and thus diluted while reacting. The red color is 
probably due to the following reactions: 

aj+NaBr-»Br 2 (redH-NaCl 

Br 2 +Br— »Br 3 — (red) 

While the invention has been described with preferred 
embodiments, it is to be understood that variations and 
modifications may be resorted to as will be apparent to those 
skilled in the art. Such variations and modifications are to be 
considered within the purview and the scope of the claims 
appended hereto. 



HYPOBROMOUS ACID RUNS AT 25 WT. % AQEUOUS SODIUM 



25% NaBr 



lb-moles/ lb-moles/ 



Absorp- sulfate 



(Analyt- (Material 



HOBr 
Material 
Balance) 



HYPOBROMOUS ACID RUNS AT 20 WT. % SODIUM BROMIDE 



20% NaBr 
C12 NaBr (pure) 
lbs/day lbs/hr lbs/day 



HOBr HOBr 
(Analyt- (Material 
ical) Balance) 



HOBr 
lbs/day 



Eductor = 43,200 lbs water/day 
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HYPOBROMOUS ACID RUNS AT 40 WT. % AQUEOUS SODIUM BROMIDE 



C12/# NaBr 



Absorp- sulfate HOBr 



or 43,200 lbs of water/day 
it 105,684 lbs water/day 
ir 62,449 lbs of water/day 



0.241 
0.175 
0.145 



What is claimed is: 

1. A process for preparing an aqueous solution of hypo- 3 , 
bromous acid, which comprises the steps of: 

(a) flowing a water stream through an eductor to create a 
vacuum; 

(b) separately and simultaneously drawing into the educ- 
tor by said vacuum and then into the water stream, via 40 
separate feed lines, (i) gaseous chlorine and (ii) an 
aqueous solution of an alkali metal bromide or an 
alkaline earth metal bromide having a concentration of 

at least 20% by weight of the bromide, wherein the 
amounts of the gaseous chlorine and the bromide are 
sufficient to maintain a pH of about 2 to about 6.4 in the 
resulting aqueous hypobromous acid solution, and with 
the bromide to chlorine mol ratio being between about 
0.5 and 2.0; 

(c) immediately mixing and reacting the chlorine, the 5Q 
bromide, and the water by passage through an in-line 

(d) completing the reaction in a reaction chamber or line; 

(e) recovering from said reaction chamber or line said 55 
aqueous solution of hypobromous acid having a pH of 
about 2 to about 6.4, in which the yield of hypobromous 
acid is at least about 51%. 

2. The process of claim 1, further comprising the step of 
monitoring the pH of the aqueous solution of hypobromous 60 
acid formed using a pH meter provided downstream of 
where the reaction between the gaseous chlorine and the 
bromide which form the hypobromous acid occurs. 

3. The process of claim 1, wherein the alkali metal 
bromide is sodium bromide. 65 

4. The process of claim 3, wherein the aqueous sodium 
bromide feed solution has a concentration of about 40% by 



weight or greater and wherein the amount of gaseous 
chlorine in the water stream is no greater than 3000 milli- 
grams per liter. 

5. The process of claim 3, wherein the bromide to chlorine 
mole ratio is less than about 1.5 to 1 and the pH is about 2 3 
to 2.8. 

6. The process of claim 3, wherein the ratio of bromide to 
chlorine is above about 1.5 and the pH is above about 3. 

7. The process of claim 2, further comprising the step of 
purging the eductor with water after the chlorine, the bro- 
mide, and the water react to form the aqueous solution of the 
hypobromous acid. 

8. The product prepared by the process of claim 3, 
wherein the hypobromous acid solution has a concentration 
of about 750-3000 ppm of hypobromous acid. 

9. The process of claim 1, wherein the pH is about 3 and 
wherein the bromide/chlorine mole ratio is about 1.5 or 
greater. 

10. The process of claim 1, wherein the bromide/chlorine 
mole ratio is about 1 or less and wherein the pH is between 
about 2.3 and 2.8. 

11. The process of claim 9, wherein the alkali metal 
bromide is sodium bromide. 

12. The process of claim 11, wherein the sodium bromide 
concentration is about 20 to about 40% by weight. 

. 13. The process of claim 11, wherein the aqueous sodium 
bromide feed concentration is about 40% by weight and the 
amount of gaseous chlorine in the water stream is below 
about 3000 milligrams per liter. 

14. The process of claim 1, wherein the mixer is a static 
mixer. 

15. The process of claim 1, wherein the aqueous bromide 
solution has a concentration of about 40% by weight and the 
chlorine concentration in the water stream is below about 3 
grams per liter. 
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16. The process of claim IS, wherein the chlorine con- 
centration is 2.6 grams per liter or less and wherein the yield 
of hypobromous acid is about 98-100%. 

17. A process for preparing an aqueous solution of hypo- 
bromous acid, which comprises the steps of: s 

(a) flowing a water stream through an eductor to create a 
vacuum; 

(b) separately and simultaneously drawing into the educ- 
tor by said vacuum and then into the water stream, via 
separate feed lines, (i) an aqueous mixture of an alkali 10 
metal hypochlorite and an acid which react to produce 
hypochlorous acid and (ii) an aqueous solution of an 
alkali metal bromide or an alkaline earth metal bromide 
having a bromide concentration of at least 20% by 
weight, wherein the hypochlorite, the acid, and the 15 
bromide are fed in amounts sufficient to maintain a pH 

of about 2 to about 6.4 in the resulting aqueous hypo- 
bromous acid solution; 



(c) immediately mixing and reacting the hypochlorous 
acid, the bromide, and the water by passage through an 



• (d) completing the reaction in 



<a chamber or line; 



(e) recovering from said reaction chamber or line said 
aqueous solution of hypobromous acid having a pH of 
about 2 to about 6.4, in which the yield of hypobromous 
acid is at least about 51%. 

18. The process of claim 17, wherein the alkali metal 
hypochlorite is sodium hypochlorite, the acid is hydrochlo- 
ric acid, and the alkali metal bromide is sodium bromide. 

19. The process of claim 18, wherein the sodium bromide 
is an aqueous solution having concentration of at least about 
40%, by weight, or greater. 
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PROCESS W'ralliW WATER n^^^^^/?^^^ 

-a/as sasi^Ti s ra - ^--s:'^^^ 

organisms therein. More partMarivTrelate ,o mCX °~ 15 Sanitizin 2 ^meat. aemam bromwe »» reqwred for 
water was teribefb?H"o"f n ^ 'W^^^ST^^^^^ 10 ^ 
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^ i n a „A-Mr falls below a given level. Yet obviously a higher eluent 

Fnited States Patent 2,591 573 and by Ba — and Mc »^ 0 ^ f ^ omine is needed for a shock treatment 
lellar to United States Patent 2,614,099 are PW*"™ requiring 10-30 p.p.m. bromine in the treated water than 
esirable. Weakly basic polyamine amon ex S^nge resm, 4 e &1 Qf am _ lt0 p.p.m. bromine, 

uch as described by McBurney m United States Patent m fre * uency of regeneration will depend on the 

,591,574, may also be employed although the polyhahde 5 -j*"*^" « ^particular system, 
orm of these resins is not as stable. hromine-containing eluent solution can be metered 

Since the operating characteristics of the pofrbrwnde Jft*™ note body of water as required to estab- 
mion exchange resin column are similar to tnose oi con maintain a desired bromine concentration m the 

■entional ion exchange resin columns, commercial res n S luh £ : to mam ntkmal analytical techniqU es can be 
tnd conventional operating techniques are generally satis- X0 ™V. deternline bromine concentrations and to con- 
iactory in terms of such factors as degree of resit .cross- j. y ss _ If desired( automatic equip- 

inking, mesh size, flow rates, etc. White ommer cial ™ ^ to monitor continually the bromine con- 

mion exchange resins are commonly av mailable m the m m c ^ tQ ^ ^ 

:hloride form, any anionic form may be employed so ^™ f bromine eluate as required to maintain the 
l0 ng as the anionic component is exchangeable by bro- 15 ^f^^tion within desired limits. Such con- 
tnide or polybromide ions. Hydrolysis ; of bromme in brtmunc - ™ Me with a recircu i a ting system 

the aqueous solution used to prepare the P° y bl ° m ± such as wmmonly employed in residential swimming 
resin is generally sufficient to convert the resmto the mm as ^ , water circulating through 

desired bromide form. However, conversion .from one P°f~ e can P ^ diverted by suitable means to pass 
anionic form to another is readily accomplished by well- 20 the ^ from a polybromide resi n 

known ion exchange techniques if necessary. ™5™,„ 

A particularly effective method for the preparation of column examples m . us trat e further the invention 

a suitable polybromide resin is to pass, an essential^ ™ « £ 1 10 be construe d as limiting 
saturated solution of bromine in aqueous sodium bromide described herein out 
slowly up through a bed of quaternary ammonium anion 25 its scope. 

exchange resin. In this manner a commercial resm hav- Example 1 .—Polybromide resins 

A- Aportionof 2 0/50mest - = ^™^ 
ouaternarv ammonium groups. The resulting polybro- monium styrene-divinylbenzene anion exchange resm nav 
rSde S in wa form contained about 48.6 weight per- 30 ing a dry weight capacity of 3 5 meq./g. C ^ 
cent bromine. This adsorbed bromine was quantitatively 1-X8 resin) was placed in a 1 I.D. g! ass wwmn _ ana 
removed by treatment with a sodium bisulfite solution. loaded with bromme by slowly posing an excess of an 
AHttempt to load the resin further under more forcing aqueous solution containing about 35 wt. percent bromitte 

?? m 2m resin in the Br,- form contains about 40 resin rinsed with a small amount of water. A sample at 

"of brom ^ine an amount sufficient to treat a 25,000 the resulting wet V^.™^"^ 
£ swimming pool for a normal period of at least 30 ^ i^lS witH 

If' the r-olvbromide resin is dried or exposed to large so dium sulfite solution and corresponded to a Ueoreticai 

volume! of akTome of the adsorbed bromine is lost. capacity of 3 moles of bromine/equivalent of resm amon 

Hnwpver if stored in a sealed container of bromine-re- exchange capacity. . ... . 

^£ bed -to LsTntially independent of the exact method The resulting wet resin was found to 

^moSnm rX in a fully loaded Br,- form contained mme per equivalent of initial resm capac ity 

X^7 000 onm bromine Elution studies with a col- 55 c. In a similar manner the polybromide forms of other 

about 7,000 ^^5™S a^t the bromine concentra- 5ty rene-divinylbenzene resin containing from 1 to 16% 

Sir sasss Err sss 60 ^M^EiSiE 

£££ Ito ml»«4 the re! ido.Hto»« comm. ol „,,„ were 'T* » «K?^^C^£Cl£> 

Temperature does have a marked effect on the equi- 65 ze ne resins. 

librimn c«™»tta o( .bout 13.S0O P-P-. Won,™ at 70 f ™ * fo^, "„£ „« „,d. ,t room ten,- 

generally when the concentration of bromine in the eluent 75 feed, lable l presemb ua d 
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TABLE I.-ELUTION CHAEACTBRISTICS 
BodVoWofEluent 10 I *„ ™ I 300 I m I 




Example 3. —Swimming pool unit 

*L7^% Ssr&T T 

5SS£sr ta -a conta r?. ab °« 5 s sys 

was installed in the recycle line of a 20,000 gallon ™t 
wa ^™J y ° f reCycIe water tou gh the resin column 

ess lie bromine concentration in the pool waseasHv main 
tamed between about 0.80 to 105 nnm rwf 
Bight, bromine consumption was es S eSyn,? Unn8 *° 

h™™;™ a < . pr ° cess for bating an aqueous solution with 41 
bromine, the improvement which comprises- 
passing the aqueous solution through a bed of a water- 



Kit bW^^ ^ f°l^omide form, 
resfn hv 6 W rem0Ved fr0ln ae Polybromide 

resin by the aqueous solution. 

iu,uuo p.p.m. bromine and 
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The invention is a method for preparing a stabilized aqueous 
alkali or alkaline earth metal hypohromite solution. The 
method comprises the steps of: 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to about 70 
percent available halogen as chlorine with a water soluble 
bromide ion source; 

b. Allowing the bromide ion source and the alkali or alkaline 
earth metal hypochlorite to react to form a 0.5 to 70 percent 
by weight aqueous solution of unstabilized alkali or alkaline 
earth metal hypobromite; 

c. Adding to the unstabilized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an alkali 
metal sulfamate in a quantity to provide a molar ratio of 
alkali metal sulfamate to alkali or alkaline earth metal 
hypobromite is from about 0.5 to about 7; and. 

ir alkaline earth 
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PROCESS TO MANUFACTURE STABILIZED 
ALKALI OR ALKALINE EARTH METAL 
HYPOBROMITF AND USES THEREOF IN 
WATER TREATMENT TO CONTROL 

MICROBIAL FOULING 5 

FIELD OF THE INVENTION 
The present invention relates to a method of preparing a 
stabilized alkali or alkaine earth metal hypobromite to 
control microbiofouling. more specifically, a stabilized 10 
sodium hypobromite solution the characteristics of which 
include non-volatility, high free halogen residual, lower 
bromate formation, reduced generation of absorbable 
organic halogen in process waters, as well as improved 
performance against biofouling. 15 

BACKGROUND OF THE INVENTION 
Aqueous solutions of sodium hypochlorite are widely 
used in cooling water towers ; bleaching processes; treatment x 
of recreational waters including swimming pool water, water 
slide and other water game equipment, spas, and whirlpools; 
disinfectants; laundry detergents; and. industrial biocides 
including applications in the petroleum industry. However, a 
major disadvantage of NaOCl is its instability. As is well 
known in the art. several methods are used to stabilize 
NaOCl. The Self et al. reference (U.S. Pat. No. 3.328.294) 
described a continuous process to stabilize hypochlorite with 
an equal molar ratio of sulfamic acid. This process was 
improved upon by Rutkiewicreference (U.S. Pat. No. 3.767. 
586) who added a buffer which aided in pH control increas- 
ing the stability of concentrated solutions. 

Bromine has various advantages over chlorine for water 
treatment such as better performance in high pH or amine 
environments and a lower volatility. However, sodium 35 
hypobromite. the bromine analog to chlorine bleach, is not 
stable under typical storage conditions, and as such, is not 
commercially available. Instead, bromine is typically deliv- 
ered to water treatment systems by various inefficient or 
inconvenient methods. The art described by either Self et al ^ 
or Rutkie wic does not mention a method to stabilize the well 
known precarious sodium hypobromite molecule as dis- 
closed within this invention. Also, mis disclosure shall 
improve upon the art of RutMewic by formulating a more 
stable, concentrated NaOBr solution in the absence of a 4S 
buffer. 

In one such bromine delivery method. NaBr is oxidized in 
situ by introducing gaseous chlorine or NaOCl into the 
process water stream Another technique uses a stable per- 
bromide (Br,-) solution containing 30-40 percent bromine. 50 
The perbromide solution releases bromide and bromine 
when injected into water systems. The formed bromine 
hydrolyzes instantly to hypobromous and hydrobromic 
acids. Alternatively, bromine chloride may be added to 
aqueous process streams wherein it hydrolyzes to hypobro- 55 
mous and hydrochloric acids. 

All of these bromine delivery systems have inherit dis- 
advantages. Gaseous chlorine, perbromide. and bromine 
chloride have high halogen vapor pressures which present 
safety concerns in handling and storage. Also, these con- 60 
centrated halogen solutions are corrosive to many metal 
surfaces found in process equipment either by their high 
vapor pressures or by the release of one mole of hydrohalic 
acids in water systems yielding localized low pH environ- 
ments. As such, none of these methods provide a stable 65 
bromine product that can be safely and easily handled while 
meeting environmental requirements (more fully discussed 
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below), such as low bromate and absorbable organic halogen 
generation, and having a high free halogen residual and a 
low volatility (resulting in a greatly reduced odor and 
vapor-phase corrosion). In addition, a portion of the expen- 
sive bromine compound is wasted through an ineffective 
by-product in some delivery schemes. Thus, the need for a 
safe, convenient, economical, stable bromine water treat- 
ment product remains and is significant. 

The Goodenough et al. reference (U.S. Pat. No. 3.558. 
503). teaches stabilization of bromine using any compound 
which reacted reversibly with bromine. The disclosed com- 
pounds include: 

(a) water-soluble primary and secondary amines or 
amides; and. 

(b) sulfamic acid and its water-soluble salts. However, the 
bromine solutions prepared according to the Good- 
enough et al. reference teachings are not stable enough 
for practical use in commercial cooling water, oil field 
and other industrial applications. 

Sulfamic acid, according to the Goodenough et al. 
reference, is employed as a free acid or as one of its 
water-soluble salts such as the sodium, potassium or ammo- 
nium salt However, the manner in which the bromine 
solutions are prepared provide relatively low stabilities and 
low available halogen concentrations compared with the 
discoveries claimed within this invention disclosure. The 
Goodenough et al. reference charges elemental bromine into 
aqueous solution prior to stabilization. Because elemental 
bromine is used in the process disclosed in the Goodenough 
et al. reference, this process is difficult to complete as well 
as potentially hazardous since elemental bromine is a 
fuming, corrosive, toxic liquid. 

The Goodenough et al. reference mentions that the avail- 
able bromine concentration immediately following prepara- 
tion was about 1 percent by weight The low bromine 
concentration achieved by mis method was due in part to 
bromine being soluble at just 4 percent in cold water. 
Additionally, bromine is wasted in the process disclosed in 
the Goodenough et al. reference. The reaction according to 
this process is as follows: 

Brj+H,0-»HOBr+HBr 

Because the produced HBr does not function as a biocide. 
one half of the bromine adds nothing to the strength of the 
biocidal species. HOBr. This invention disclosure improves 
on the Goodenough et al. reference by means of a safer, 
easier, and more economical process. 

Much higher levels of available halogen for disinfection 
were attained using the invention disclosed in this 
application, as shown in Table I below, by stabilizing the 
sodium salt (NaOBr) generated during manufacture. As 
previously mentioned, sodium hypobromite is unstable and 
therefore not commercially available. If a stabilized form of 
NaOBr is proposed, the stabilization process must occur 
quickly after NaOBr is made. 

The method described in the Goodenough et al. reference 
could not achieve these increased bromine levels as the 
order of reagent addition described in the reference was 
deemed not critical to the operability of the method. Since 
NaOBr is synthesized by the following reaction. NaOCl+ 
NaBr-»NaOBr+NaCl. addition of the stabilizer prior to 
bromide oxidation would not permit the formation of 
NaOBr. 

When water is treated with many halogenated biocides. 
undesirable halogenated organics can be generated as 
by-products. These compounds are causing increased envi- 
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ronmental and health concerns. It is generally known that 
low molecular weight halogenated organics are more easily 
biologically degraded than higher molecular weight species. 
However, the low molecular weight forms may be more 
toxic to aquatic and mammalian organisms. Differentiation 
of these halogenated organics is costly, time consuming and 
requires the use of gas chromatography, high performance 
liquid chromatography or gel permeation chromatography. 
Absorbable Organic Halogen. "AOX". was chosen as a 
method of measuring the sum of halogenated organic com- 
pounds without speciation. AOX is used as an effluent 
monitoring parameter of water or wastewater in Europe and 
North America. In the United States, the Environmental 
Protection Agency ("EPA") is looking closely at AOX 
discharge in the pulp and paper industry. An object of the 
present invention is to provide a stable NaOBr solution that 
can be used to control microbial fouling with minimal AOX 
generation. The problems associated with controlling AOX 
levels, being a more recent developing environmental 
concern, have not been previously resolved in the industry. 

The United States EPA extrapolates some animal carcino- 
genesis with the presence of low bromate levels found in 
drinking water. Bromate may appear from the ozonation of 
bromide-containing water raising some concerns in the 
drinking water industry. Bromate may also be formed by the 
disproportionation of hypobromite. This reaction occurs at a 
greater rate in alkaline environments. Hence, if bleach is 
added to a NaBr solution, the high pH environment could 
lead to the undesirable production of bromate. One use of 
the present invention, which was previously unknown and is 
surprising, is to greatly minimize bromate formation by 
stabilizing hypobromite when conditions are favorable for 
bromate production. 

The petroleum industry experiences biological problems, 
including microbiologically influenced corrosion, both 
localized and general, in oil field waters. In addition, bac- 
teria can plug the well bore surface in water-flood injection 
wells. The bacteria form slime plugs, reducing injectivity. 
Treatment with stable bromine water is a convenient method 
of dealing with these and similar problems. 

It is an object of the present invention to provide a process 
whereby aqueous solutions of sodium hypobromite can be 
produced which are relatively resistant to degradation and/or 
decomposition and which are relatively non-corrosive and 
non-volatile, yet which retain an improved capacity for 
oxidation and bactericidal activity. 

Another object of the present invention is to provide a 
stable sodium hypobromite solution in which the formation 
of AOX is minimized while providing improved microbial 
fouling control. Other objects and advantages of the present 
invention will become obvious from the following descrip- 
tion thereof. 

SUMMARY OF THE INVENTION 
The invention, according to one embodiment is a method 
for preparing a stabilized aqueous alkali or alkaline earth 
metal hypobromite solution. The method comprises the 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to about 70 
percent available halogen as chlorine with a water soluble 
bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 to 70 
percent by weight aqueous solution of unstabiiized alkali or 
alkaline earth metal hypobromite; 

c. Adding to the unstabiiized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an alkali 
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metal sulfamate in a quantity to provide a molar ratio of 
alkali metal sulfamate to alkali or alkaline earth metal 
hypobromite is from about 0.5 to about 7; and. 
d. Recovering a stabilized aqueous alkali or alkaline earth 
5 metal hypobromite solution. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
One embodiment of me invention is a method for pre- 
10 paring a stabilized aqueous alkali or alkaline earth metal 
hypobromite solution. The method comprises the steps of: 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to about 70 

15 percent available halogen as chlorine with a water soluble 
bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 to 70 
percent by weight aqueous solution of unstabiiized alkali or 

20 alkaline earth metal hypobromite; 

c. Adding to the unstabiiized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an alkali 
metal sulfamate in a quantity to provide a molar ratio of 
alkali metal sulfamate to alkali or alkaline earth metal 

25 hypobromite is from about 0.5 to about 7; and. 

d. Recovering a stabilized aqueous alkali or alkaline earth 
metal hypobromite solution. 

The alkali or alkaline earth metal hypochlorite is selected 
from the group consisting of sodium hypochlorite, potas- 

30 sium hypochlorite, magnesium hypochlorite, lithium 
hypochlorite, and calcium hypochlorite. The amount of 
hypochlorite used will vary depending upon which 
hypochlorite salt is used. 
The bromide ion source is selected from the group con- 

35 sisting of sodium bromide, potassium bromide, lithium 
bromide, and hydrobromic acid. As shown in the examples, 
in a more preferred embodiment, the alkali or alkaline earth 
metal hypochlorite is sodium hypochlorite, the bromide ion 
source is sodium bromide, and the alkali or alkaline earth 

40 metal hypobromite is sodium hypobromite. 

The aqueous solution of unstabiiized alkali or alkaline 
earth metal hypobromite may contain from about 0.5 to 
about 70 percent by weight alkali or alkaline earth metal 
hypobromite. more preferrably from about 1 to about 30 
percent by weight alkali or alkaline earth metal 
hypobromite. and most preferrably from about 4 to about 15 
percent by weight alkali or alkaline earth metal hypobro- 

x The pH of the stabilized aqueous alkali or alkaline earth 
metal hypobromite solution is from about 8 to about 14 and 
more preferrably from about 11 to about 14. The the molar 
ratio of the alkali metal sulfamate to the sodium hypobro- 
mite is preferrably from about 0.5 to about 7. more prefer- 

J5 rably from about 0.5 to about 4. and most preferrably from 
about 0.5 to about 2. 

Another embodiment of the invention is a stabilized 
aqueous solution of an alkali or alkaline earth metal hypo- 
bromite which is prepared by the steps of: 

6o a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to about 70 
percent available halogen as chlorine with a water soluble 
bromide ion source; 
b. Allowing the bromide ion source and the alkali or 

65 alkaline earth metal hypochlorite to react to form a 0.5 to 30 
percent by weight aqueous solution of unstabiiized alkali or 
alkaline earth metal hypobromite; 
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c. Adding to the unstabilized solution of alkaU or alkaline microbiofouling amount of stablized aqueous solution of an 
earth metal hypobromite an aqueous solution of an alkali alkali or alkaline earth metal hypobromite can be added to 
metal sulfamate in a quantity to provide a molar ratio of aqueous systems. 

alkaU metal sulfamate to alkali or alkaline earth metal ^ ^ embodiment, the invention is a method of 

hypobrorrute ,s from about 0.5 to about 7; and. 5 preventing ^^fo^ on me surfaces of equipment ^ 

d. Recovering a stabilized aqueous alkali or alkaline earth contact with in an industrial water system. The method 
metal hypobromite solution. comprises adding to the aqueous system an anti- 

The alkali or alkaline earth metal hypochlorite is selected microbiologicaily effective amount of a stabilized sodium 

from the group consisting of sodium hypochlorite, polas- hypobromite solution. The stabilized sodium hypobromite 

sium hypochlorite, magnesium hypochlorite, lithium 10 solution is prepared by the steps of: 

hypochlorite, and calcium hypochlorite. The amount of a. Mixing an aqueous solution of sodium hypochlorite 

hypochlorite used will vary depending upon which having from about 5 percent to about 30 percent available 

hypochlorite salt is used. halogen (as chlorine) with sodium bromide; 

The bromide ion source is selected from the group con- b. Allowing the sodium bromide and the sodium 
sisting of sodium bromide, potassium bromide, lithium hypochlorite to react to form a 0.5 to 30 percent by weight 
bromide, and hydrobromic acid. As shown in the examples. aqueous solution of unstabilized sodium hypobromite: 
in a more preferred embodiment, the alkali or alkaline earth c. Adding to the unstabilized solution of sodium hypo- 
metal hypochlorite is sodium hypochlorite, the bromide ion bromite an aqueous solution of an alkali metal sulfamate in 
source is sodium bromide, and the alkali or alkaline earth 2Q a quantity to provide a molar ratio of alkali metal sulfamate 
metal hypobromite is sodium hypobromite. to sodium hypobromite of from about 0.5 to about 7; and. 

The aqueous solution of unstabilized alkali or alkaline d. Recovering a stabilized aqueous sodium hypobromite 

earth metal hypobromite may contain from about 0.5 to solution. 

about 70 percent by weight alkali or alkaline earth metal The industrial water systems include cooling water 

hypobromite. more preferrably from about 1 to about 30 2S system s. cooling ponds, reservoirs. Sweetwater wlfca«ons 

CTl^ W ? 6 \ all ? U k, T ^ lkaU . ne ™*»» decorative fountains, pasteurizers, evaporative condensers, 

hypobromite. and most preferrably from about 4 to about 15 hydrostatic sterilizers and retorts, gas scrubber systems, and 

percent by weight alkali or alkaline earth metal hypobro- a ir washer svstems . 6 y 

mite. J 



The pH of the stabilized aqueous alkali or alkaline earth ■ 



Another embodiment of the invention is a method for 
preparing a stabilized aqueous alkali or alkaline earth metal 



metal hypobromite solution is from about 8 to about 14 and hypobromite solution when the level of available halogen as 

more preferrably from about 11 to about 14. The the molar chlorine is below about 5 percent. The method comprises the 

ratio of the alkali metal sulfamate to the sodium hypobro- steps of- 

£ frl Cf Z?n ^ w?- 5 ? abOU ' 7 > a. Mixing an aqueous solution of alkali or alkaline earth 

^^^1"^*^™*"*****°" * inetalhy^Wtelwhereinthepercentofavailablehalogen 



The invention can be used in an industrial water system. bromide ion sc. ^, 

Such water systems would I contain from about 0.05 to about b . AU owing me bromide ion source and me ^ or 

1000 ppm. more preferrably from about 0.05 to about 10 alkaline earth metal hypochlorite to react to form a 05 to 5 

the stabilized aqueous solution of an alkali or alkaline earth .. .. .. - <mmu ui 

metal hypobromite. 



alkaline earth metal hypobromite; 



d. Recovering a stabilized aqueous alkali or alkaline earth 



-r, „ . , .. c. Adding to the unstabilized solution of alkali or alkaline 

a JZ f^ 011 <? n \^ m launden,, 8 °f soiled ^h metal hypobromite an aqueous solution of an alkali 

garments where the soiled garments are washed in an metal sulfamate havtag a temperature of at least 50° C in a 
aqueous media such as water containing a detergent and a 45 quanat y to provide a molar ratio of alkali metal sulfamate to 

bleaching agent. The stabilized aqueous solution of an alkali - - 
or alkaline earth metal hypobromite can be used "as the 
bleaching agent. 

The invention can also be used in the manufacture of me tal hypobromite solution, 

cellulosic materials in which cellulosic fibers are bleached m „„ ,. , , , - . , 

with an oxidizing agent The stabilized aqueous solution of J?! n^l?.' f % "J^T* "JS 0 " 

an alkali or alkaline earth metal hypobromite can be used as ^ll^Z *' f " ' 

the oxidizing agent. ? e ^ metal sulfamate - 15 ^solved into must be 

-n,„ ;„„„t- . . . ^ _ , „ . decreased. At this point, the amount of water is low enough 

The invention can be used m the control of microbiofoul- 55 mat me alkaU metal sulfamate is only sparingly soluble to 

ing in a recreational water system m which an oxidizing me water. Therefore, the temperature of the aqueous alkali 

™« «T« f° ntr t ™ CTob '5°^g- T 1 " stabiUzed me tal sulfamate solution must be maintained above 50° C. 

aqueous solution of an aUcah or alkaline earth metal hypo- to keep the ^ metal sulfamate in solutioB untU me 

bromite can be used as the oxidizing agent solution is added to me aqueous so , ution rf unstabUzed 

The invention can be used in the control of microbiofoul- sodium hypobromite. Once mixed with the sodium hypo- 
ing occurring on the surfaces of equipment in contact with bromite solution, solubility is no longer a concern, and the 
produced oil field waters. An anti-microbiofouling effective resulting stabilized sodium hypobromite solution solution 
amount of stabilized aqueous solution of an alkali or alkaline does not need to be maintained above 50° C 
e^h metal hypobromite can be added to the produced oil The alkali or alkaline earth metal hypochlorite is selected 
. ' . 65 from the group consisting of sodium hypochlorite, potas- 

Tne invention can also be used in the control of micro- sium hypochlorite, magnesium hypochlorite, lithium 

biofouhng in aqueous systems. An effective anti- hypochlorite, and calcium hypochlorite. The amount of 
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hypochlorite used will vary depending upon which of the 
hypochlorite is used. 

The bromide ion source is selected from the group con- 
sisting of sodium bromide, potassium bromide, lithium 
bromide, and hydrobromic acid. As shown in the examples, 
in a more preferred embodiment, the alkali or alkaline earth 
metal hypochlorite is sodium hypochlorite, the bromide ion 
source is sodium bromide, and the alkali or alkaline earth 
metal hypobromite is sodium hypohromite. 

The aqueous solution of unstabilized alkali or alkaline 
earth metal hypobromite may contain from about 0.5 to 
about 70 percent by weight alkali or alkaline earth metal 
hypobromite. more preferrably from about 1 to about 30 
percent by weight alkali or alkaline earth metal 
hypobromite. and most preferrably from about 4 to about IS 
percent by weight alkali or alkaline earth metal hypobro- 
mite. 

The pH of the stabilized aqueous alkali or alkaline earth 
metal hypobromite solution is from about 8 to about 14 and 
more preferrably from about 11 to about 14. The the molar 
ratio of the alkali metal sulfamate to the sodium hypobro- 
mite is preferrably from about 0.5 to about 7. more prefer- 
rably from about 0.5 to about 4. and most preferrably from 
about 0.5 to about 2. 

Another embodiment of the invention is a stabilized 
aqueous solution of an alkali or alkaline earth metal hypo- 
bromite which is prepared by the steps of: 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite | wherein the percent of available halogen 
(as chlorine) is less than about 5] with a water soluble 
bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 to 5 
percent by weight aqueous solution of unstabilized alkali or 
alkaline earth metal hypobromite; 

c. Adding to the unstabilized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an alkali 
metal sulfamate having a temperature of at least 50° C. in a 
quantity to provide a molar ratio of alkali metal sulfamate to 
alkali or alkaline earth metal hypobromite is from about 0.5 
to about 7; and, d. Recovering a stabilized aqueous alkali or 
alkaline earth metal hypobromite solution. 

As discussed above, when the level of available halogen 
as chlorine is below about 5 percent, the amount of water in 
which the stabilizer, the alkali metal sulfamate. is dissolved 
into must be decreased. At this point, the amount of water is 
low that the alkali metal sulfamate is only sparingly soluble 
in the water. Therefore, the temperature of the aqueous alkali 
metal sulfamate solution must be maintained above 50° C. 
to keep the alkali metal sulfamate in solution until the 
solution is added to the aqueous solution of unstablized 
sodium hypobromite. Once mixed with the sodium hypo- 
bromite solution, solubility is no longer a concern, and the 
resulting stabilized sodium hypobromite solution solution 
does not need to be maintained above 50° C. 

The alkali or alkaline earth metal hypochlorite is selected 
from the group consisting of sodium hypochlorite, potas- 
sium hypochlorite, magnesium hypochlorite, lithium 
hypochlorite, and calcium hypochlorite. The amount of 
hypochlorite used will vary depending upon which of the 
hypochlorite is used. 

The bromide ion source is selected from the group con- 
sisting of sodium bromide, potassium bromide, lithium 
bromide, and hydrobromic acid. As shown in the examples, 
in a more preferred embodiment, the alkali or alkaline earth 
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metal hypochlorite is sodium hypochlorite, the bromide ion 
source is sodium bromide, and the alkali or alkaline earth 
metal hypobromite is sodium hypobromite. 

The aqueous solution of unstabilized alkali or alkaline 
earth metal hypobromite may contain from about 0.5 to 
about 70 percent by weight alkali or alkaline earth metal 
hypobromite. more preferrably from about 1 to about 30 
percent by weight alkali or alkaline earth metal 
hypobromite. and most preferrably from about 4 to about 15 
percent by weight alkali or alkaline earth metal hypobro- 
mite. 

The pH of the stabilized aqueous alkali or alkaline earth 
metal hypobromite solution is from about 8 to about 14 and 
more preferrably from about 11 to about 14. The the molar 
ratio of the alkali metal sulfamate to the sodium hypobro- 
mite is preferrably from about 0.5 to about 7. more prefer- 
ably from about 0.5 to about 4. and most preferrably from 
about 0.5 to about 2. 

Tn another embodiment, the invention is a method of 
preventing rnicrobiofouling on the surfaces of equipment in 
contact with in an industrial water system. The method 
comprises adding to the aqueous system an anti- 
microbiologically effective amount of a stabilized sodium 
hypobromite solution. The stabilized sodium hypobromite 
solution is prepared by the steps of: 

a. Mixing an aqueous solution of sodium hypochlorite 
I wherein the percent of available halogen (as chlorine) is 
less than about 5 1 with sodium bromide; 

b. Allowing the sodium bromide and the sodium 
hypochlorite to react to form a 0.5 to 5 percent by weight 
aqueous solution of unstabilized sodium hypobromite; 

c. Adding to the unstabilized solution of sodium hypo- 
bromite an aqueous solution of an alkali metal sulfamate 
having a temperature of at least 50° C. in a quantity to 
provide a molar ratio of alkali metal sulfamate to sodium 
hypobromite of from about 0.5 to about 7; and. 

d. Recovering a stabilized aqueous sodium hypobromite 
solution. 

As discussed above, when the level of available halogen 
as chlorine is below about 5 percent, the amount of water in 
which the stabilizer, the alkali metal sulfamate. is dissolved 
into must be decreased. At this point, the amount of water is 
low (hat the alkali metal sulfamate is only sparingly soluble 
in the water. Therefore, the temperature of the aqueous alkali 
metal sulfamate solution must be maintained at at least 50° 
C. to keep the alkali metal sulfamate in solution until the 
solution is added to the aqueous solution of unstablized 
sodium hypobromite. Once mixed with the sodium hypo- 
bromite solution, solubility is no longer a concern, and the 
resulting stabilized sodium hypobromite solution solution 
does not need to be maintained at at least 50° C. 

This invention provides several differences over the 
known art, including a specific order of addition in the 
manufacturing process whereby a stabilized sodium hypo- 
bromite solution is produced having improved stability, 
non-volatility, reduced bromate and AOX formation, 
improved rnicrobiofouling control, and an increased free 
halogen residual in cooling water. 

The stability of the stabilized hypobromite solution, as 
compared to the stabilized bromine disclosed in (he Good- 
enough et al. reference and unstabilized sodium hypobro- 
mite in Table L is greatly increased. Based on the surprising 
i increased stability of the stabilized sodium hypobromite of 
this invention, it is apparent that the order of addition in the 
process of manufacture is critical. 
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The chemical mechanism for halogen biocide stabiliza- 
tion by sulfamic acid has been proposed as follows: 



When X is CI. the reaction applies to stabilized chlorine. 
When X is Br. the reaction applies to stabilized bromine. 

The degree of stabilization is expressed as the concentra- 
tion ratio of to X^,.. The X^. concentration of the 
stabilized bromine was detectable while me concentration of 
the for stabilized chlorine was not. It was concluded 
that the chlorine in the stabilized chlorine ' 
stabilized while the bromine in the stabilized bromine < 
in both free and stabilized forms. This contributes in part to 
the increased antimicrobial properties of stabilized NaOBr 
over stabilized NaOCl which will be described in more 2 
detail in Example 3. 

Absorbable organic halogen (AOX) is an important envi- 
ronmental parameter particularly in Europe. AOX can form 
from (he reaction of some halogenated compounds with 
organics. The ininirnization of AOX by stabilizing NaOBr is 3 
a surprising benefit described in this disclosure. 

Pathway A: AOX formation by HOX 

HO-X+R-HtsX-R+HjO 

Where R-H can be the organic contaminants in cooling 
water or biomacromolecules and X-R is measured as AOX. 
Pathway B: 

X-NH-S03H+R-H-»R-NH-S0 3 H+HX 

This stabilized halogen reaction generates no X-R (AOX) as 
in Pathway A. When free chlorine (HOCL) or free bromine 
(HOBr) is used. AOX will be formed in accordance with the 
mechanism described by Pathway A. 

When stabilized chlorine is used as a biocide. only 5 
Pathway B is possible because no free HOCL exists in the 
system. Thus, no or very low AOX will be formed using this 
product (see Table H below). 

When stabilized bromine is used, both free and stabilized 
bromine forms coexist Thus, both pathways A and B 5 
proceed and result in some AOX formation. However, the 
amount of AOX will be far less than when all of the halogen 
is in the form of free bromine (HOBr). 

Apparently, the proposed mechanism explains the cause 
of AOX reduction due to the use of stabilized halogen 6 
biocides. The mechanism should be applicable to other 
stabilized halogen products when ammonia, amines or 
amides are used as the stabilizing agents. 

In order to reduce the AOX formation by a stabilized 
halogen biocide. it is preferable to select strong stabilizing 6; 
agents so that Pathway B can dominate. However, the 
drawback to a very stable halogenated compound is the 
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generally decreased oxidation power that, in most cases is 
directly correlated to its biocidal efficacy. Testing has shown 
that stabilized bromine is much more effective as a biocide 
than stabilized chlorine. Therefore, to reduce the AOX 

5 formation and at the same time maintain the compound's 
biocidal efficacy requires a well balanced selection of the 
stabilizing agent. 

The following examples are presented to describe pre- 
ferred embodiments and utilities of the invention and are not 

10 meant to limit the invention unless otherwise stated in the 
claims appended hereto. 

Example 1 

Preparation of Stabilized Sodium Hypobromite with a Criti- 
5 cal Order of Addition 

In order to demonstrate the constancy of stabilized 
NaOBr, solutions of sodium hypochlorite and sodium bro- 
mide were mixed forming NaOBr then stabflized with 
sodium sulfamate as described below. Sodium hypochlorite 

0 solution was diluted in demand-free water. This diluted 
solution was titrated by the DPD-FAS method. The available 
chlorine level present in the original solution was deter- 
mined to be 15 percent. 42.4 grams of the neat NaOCl 
solution were added to 20.5 grains of a 45 percent NaBr 

5 solution. This reaction forms unstabilized NaOBr. The sta- 
bilization solution was formulated with 9.6 grams of sul- 
famic acid. 14 grams of water, and 13.2 grams of 50 percent 
sodium hydroxide. The stabilization solution is then added 
with stirring to the NaOBr. The order of addition is critical 

3 in this process which differs from the Goodenough et al. 
reference. For instance, if the stabilizer was added to NaOCl 
prior to NaBr introduction, the bromide would not be 
oxidized to hypobromite. Also, bromine solutions prepared 
in the manner referenced above gave more stable oxidizing 

5 species than the prior art. Bromine solutions stabilized as 
explained in the Goodenough et al. reference exhibited a 
decrease in halogen activity from an initial concentration of 
1 percent to 0.77 percent alter fourteen days representing an 
active ingredient loss of 23 percent The stabilization pro- 

5 cedure described here improved on the prior art as the 
decline of active ingredient was only 1 percent after 84 days 
(see Table I above). An unstabilized NaOBr solution pre- 
pared is an similar process by replacing sulfamic acid with 
distilled water lost 94 percent available halogen during the 

s same period. 

Example 2 

Less AOX is Formed in Stabilized Halogen Solutions 

AOX is a generic class of compounds which includes all 
organic molecules containing halogen. Limits for AOX 

) discharge from cooling water systems have already been 
established in some European countries. To simulate AOX 
formation during stabilized and unstabilized sodium hypo- 
bromite action in cooling water, a mixed bacterial culture 
typically found in cooling water was cultivated in L-broth 

» overnight and the cells harvested by centrifugation. The cell 
pellet was washed with synthetic cooling water (90 ppm 
calcium. 50 ppm magnesium. 110 ppm"M" alkalinity. pH 
8.0-8.2) twice to remove the remaining organic medium. 
Cells were then resuspended into an equal volume of cooling 

1 water. A capped dark bottle served as the reactor. Synthetic 
cooling water was added to the bottle followed by the 
washed bacterial stock yielding approximately 10, cells/ml. 
Stabilized NaOBr or unstabilized NaOBr was dosed into this 
bacterial suspension at a final concentration of 1, 2. 3. or 4 

: ppm total halogen (as chlorine). Headspace in the bottle was 
minimized to avoid the evaporative loss of halogenated 
organics and the solution stirred for 24 hours to simulate a 
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typical cooling system. Immediately before AOX analysis, 
the sample was acidified to pH 2.0 with concentrated nitric 
acid. A Mitsubishi TOX-10 Analyzer was used according to 
US EPA Method 9020 to measure the AOX concentration in 
the samples. Ultrapure water was used for the preparation of '■ 
all reagents and standard solutions to prevent any contami- 
nation. The amounts of AOX formed in each such treatment 
is shown in Table n below. Cooling water with stabilized 
NaOBr formed less AOX than treatments using unstabilized 
NaOBr at equivalent halogen concentrations. Linear regres- 1 
sions were performed on both sets of data to obtain linear-lit 
equations shown below for both stabilized and unstabilized 
NaOBr: 

Stabilized NaOBr: AOX (ppb)=23.3 X Dose (ppm) 
Unstabilized NaOBr: AOX (ppb>53.9 X Dose (ppm) 

Testing also showed that stabilization of NaOCi reduced 2 
AOX generation in cooling water dosed with two ppm total 
residual (see Table IT). 



AOX FORMATION fppbl IN STABIT ttpt. HALOGEN SOLUTIONS 
DOSE ppb AOX Formed from Specified Halogen Source 



ANTIBACTERIAL ACTIVITIES OF STABILIZED & UNSTABILIZED 
HYPOHALTTE SOLUTIONS AFTER 6 & 21 DAYS 
equivalent volumes initially required to achieve 
one mm ftse halogen added throughout test 

% BACTERIA KILLED 

6 DAYS OF STORAGE 21 DAYS OF STOR- 



NaOBr 
NaOBr 



Example 3 

Antibacterial Activity of Stabilized Sodium Hypobromite 

Freshly prepared solutions of stabilized and unstabilized ^ 
sodium hypobromite were diluted then added to cooling 
water in order to achieve a one ppm free halogen residual (as 
chlorine). Sodium hypochlorite was stabilized in the same 
fashion as described for NaOBr in Example One with the 
exception that NaBr was directly replaced with distilled 45 
water. Stabilized and unstabilized sodium hypochlorite were 
diluted men added to cooling water at a final concentration 
of one ppm free halogen residual (as chlorine). The volumes 
of all solutions needed to achieve a one ppm free halogen 
residual (as chlorine) was recorded. Following 6 and 21 days so 
of dark storage, identical dilutions of stabilized and unsta- 
bilized sodium hypohalite solutions were prepared and the 
volume originally required for a one ppm free halogen 
residual (as chlorine) was added to cooling water containing 
approximately 10 6 Pseudomonas aeruginosa cells/mL. Ali- 55 
quots were extracted at 10 and 30 minutes into cooling water 
dilution blanks containing a halogen neutralizer (0.0S per- 
cent Na 2 S 2 0 3 ) then enumerated on tryptone glucose extract 
agar. Stabilized NaOBr retained its antibacterial activity 
after storage while the unstabilized form lost its efficacy 60 
against Pseudomonas aeruginosa (see Table UX below). The 
results were even more dramatic as the storage period 
increased. This effect was likely due to the disproportion- 
ation of the unstable hypobromite ion into the non-biocidal 
species bromide and bromate. Surprisingly. NaOCl stabi- 65 
lized in the same manner as NaOBr was comparatively 
ineffective under the conditions tested (Table IB). 



Example 4 

Depression of Bromate Formation Following Stabilization 
of Sodium Hypobromite 

Hypohalite ions are known to disproportionate into halate 
and halide under alkaline conditions. Halate ions are unde- 
sirable degradants being suspect carcinogens and are under 
consideration for governmental regulation. The reaction of 
NaBr with NaOCl can yield significant amounts of bromate 
in elevated pH environments. Surprisingly, the stabilization 
of NaOBr with sodium sulfamate greatly minimized bro- 
mate formation (see Table IV below). Stabilized and unsta- 
bilized sodium hypobromite solutions were prepared as 
described in Example One. These solutions were stored in 
the dark at room temperature during the course of the study. 
Eight month old samples of stabilized and unstabilized 
NaOBr. both maintained at pH 14. a condition suitable for 
bromate formation, were assayed for bromate. A Dionex 
4000 series gradient ion chromatography system equipped 
with AG9-SC/AS9-SC columns and a conductivity detector 
was used to measure the bromate concentration in the 
samples. The cnromatograph was operated according to a 
method currently under investigation by the EPA for the 
analysis of bromate in ozonated drinking water. Purified 
water from an Interlake Water Systems deionization system 
used for the preparation of all reagents and standard 



solutions to prevent 



UNSTABILIZED 



As noted above, the pH of these solutions was high which 
favors bromate formation. However. NaOCl. which contains 
significant amounts of NaOH. is typically diluted with 
system water prior to the introduction of the bromide species 
in most industrial applications. The pH of this diluted system 
would be lower man the neat NaOCl/NaBr formulation 
described above theoretically minimizing bromate forma- 
tion. The available chlorine in a NaOCl sample diluted 
(1:100) with distilled water was titrated by the DPD-FAS 
method. A solution of 45 percent sodium bromide was added 
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to the dilute NaOCl at a molar ratio of 1 Cl 2 :l Br~ forming 
NaOBr. This reaction proceeded for thirty minutes. Then, 
appropriate volumes of this dilute NaOBr solution were 
added to cooling water (pH 8.3) giving total available 
halogen levels of 1, 2. 3. and 4 ppm (as Cl 2 ) as determined 
by the DPD-FAS method. Similarly, a dilution of stabilized 
sodium hypobromite (1:100) was made in distilled water. 
Dilute stabilized NaOBr was added to cooling water (pH 
8.3) giving total available halogen levels of 1. 2, 3. and 4 
ppm (as Cl 2 ) as determined by the DPD-FAS method. 
Bromate analysis then proceeded in the manner described 
above. Bromate was not detected in any of the cooling water 
samples dosed with either stabilized or unstabilized dilute 
NaOBr at typical use concentrations. These results signify 
the safety factor for bromate built into the stabilized sodium 
hypobromite formulation as well as the industrial in situ 
oxidation of NaBr with dilute NaOCl. 

Example 5 

Use of Stabilized NaOBr Increased the Percentage of Free 
Residual in a Recirculating Cooling Water System Com- 
pared to Other Stabilized Halogen Compounds 

A major drawback to some commercial stabilized chlorine 
products for industrial water treatment is the low percentage 
of free chlorine residual delivered to the water system. This 
effect is due to the strength of the chemical bond between the 
stabilizer, usually a nitrogenous compound, and chlorine. 
Cbioramines. ie. combined chlorine, are weaker microbi- 
cides than free chlorine. However, bromamines are consid- 
ered to be nearly as effective against microorganisms as free 
bromine. Thus, it is essential to have a high percentage of the 
total available halogen in the free form when chlorine 
products are employed. Conversely, this phenomenon is not 
as crucial when employing stabilized NaOBr. A commercial 
heating, ventilation and air conditioning ("HVAC) cooling 
system was sequentially treated with stabilized NaOCl, a 
bromochloroalkylhydantoin. and finally stabilized NaOBr. 
There was a low percentage of free chlorine relative to total 
available halogen present in the stabilized NaOCl treated 
system (see Table V below). A lower percentage of free , 
halogen was measured when a different stabilization system, 
an alkylhydantoin. was employed with bromine and chlorine 
(see Table V below). However, when stabilized NaOBr was 
fed into this system, the percentage of free available halogen 
relative to the total residual measured quickly increased (see , 
Table V below). These phenomena imply mat less stabilized 
NaOBr is required to obtain a free available halogen residual 
than the equivalent amount of stabilized NaOCl. 

TABLE V . 



FREE RESIDUAL OXIDANT AS A PERCENT OF TOTAL RESIDUAL 
OXIDANT TN RECIRCULATING COOLING WATER SYSTEM 

Days Average Free Oxidant as a Percent 
in System of Total Residual Oxidant Biocide Employed 

36 13 stabilized NaOCl 

45 9 halogenated hydanioins 

33 53 stabilized NaOBr 



Example Six: 

Stabilization of Sodium Hypobromite Reduces Volatility 

If a biocide is highly volatile, its performance may be 
adversely affected. For example, the biocide may flash off in 
the highly aerated conditions of a cooling tower or an air 
washer. This would lower the biocide concentration in the 
cooling water wasting the product. Halogen volatility also 
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leads to vapor-phase corrosion of susceptible equipment 
surfaces. In addition, halogen volatility may cause worker 
discomfort due to the "swimming pool" aroma. Thus, the 
need for an efficacious oxidizing biocide with low volatility 
5 is evident. 

Concentrated solutions of either NaOCl. NaOBr. or sta- 
bilized NaOBr were added to a beaker. Halogen vapors were 
detected from the NaOCl and NaOBr solutions. No odors 
were noticed from the stabilized NaOBr. This is an improve- 

q mem over existing products by minimizing halogen odors in 
product storage areas. 

Bleach. NaOCl. is not commonly used in air washer 
systems due to some of the reasons listed above. Once an 
effective microbial control dose is achieved, the halogen 
odor may be so overwhelming that workers would not be 

5 able to comfortably operate in the treated areas. The low 
volatilization of stabilized NaOBr overcomes this drawback. 
Stabilized sodium hypobromite was added at elevated use 
concentrations to two textile mill air washers in order to 
investigate its volatility. Then the air was monitored 

) throughout the mill. A Sensidyne air monitoring device 
outfitted with halogen detection tubes was used to instanta- 
neously detect halogen in the air. The lower detection limit 
was 50 ppb which is below the Threshold Limit Value-Short 
Term Exposure Limit for bromine as established by OSHA. 

i In addition, halogen badges were placed throughout textile 
mills in order to detect halogen vapors over extended 
periods of time. Neither monitoring system detected any 
halogen present in the air following the elevated stabilized 
NaOBr dose. No halogen odors were encountered in either 

, the air washer unit or the return air. The microbial population 
was enumerated before and after stabilized NaOBr addition. 
The microbial population following dosing was reduced by 
greater man one order of magnitude. This example demon- 
strates the utility of stabilized sodium hypobromite in con- 
trolling the bacterial population while adding no halogen 
odor to the system area. 

Changes can be made in the composition, operation and 
arrangement of the method of the present invention 
described herein without departing from the concept and 
scope of the invention as defined in the following claims: 
We claim: 

1. A method for preparing a stabilized aqueous alkali or 
alkaline earth metal hypobromite solution comprising: 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to 
about 70 percent available halogen as chlorine with a 
water soluble bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 
to 70 percent by weight aqueous solution of unstabi- 
lized alkali or alkaline earth metal hypobromite; 

c. A<lding to the unstabilized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an 
alkali metal sulfamate in a quantity to provide a molar 
ratio of alkali metal sulfamate to alkali or alkaline earth 
metal hypobromite is from about 0.5 to about 7; and. 

d. Recovering a stabilized aqueous alkali or alkaline earth 
metal hypobromite solution. 

2. The method according to claim 1. wherein the alkali or 
alkaline earth metal hypochlorite is selected from the group 
consisting of sodium hypochlorite, potassium hypochlorite, 
lithium hypochlorite, magnesium hypochlorite, and calcium 
hypochlorite. 

3. The method according to claim 1. wherein the bromide 
ion source is selected from the group consisting of sodium 
bromide, potassium bromide, lithium bromide, and hydro- 
bromic acid. 
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4. The method according to claim 1. wherein the alkali or 
alkaline earth metal hypochlorite is sodium hypochlorite, the 
bromide ion source is sodium bromide, and the alkali or 
alkaline earth metal hypobromite is sodium hypobromite. 

5. The method according to claim 1. wherein the aqueous 
solution of unstabilized alkali or alkaline earth metal hypo- 
bromite contains from about 1 to about 30 percent by weight 
alkali or alkaline earth metal hypobromite. 

6. The method according to claim 1. wherein the aqueous 
solution of unstabilized alkali or alkaline earth metal hypo- 
bromite contains from about 4 to about 15 percent by weight 
alkali or alkaline earth metal hypobromite. 

7. The method according to claim 4. wherein the aqueous 
solution of unstabilized sodium hypobromite contains from 
about 1 to about 30 percent by weight sodium hypobromite. 

8. The method according to claim 4. wherein the aqueous 
solution of unstabilized sodium hypobromite contains from 
about 4 to about 15 percent by weight sodium hypobromite. 

9. The method according to claim 7. wherein the pH of the 
stabilized aqueous sodium hypobromite solution is from 
about 8 to about 14. 

10. The method according to claim 8, wherein the pH of 
the stabilized aqueous sodium hypobromite solution is from 
about 11 to about 14. 

11. The method according to claim 9. wherein the molar 
ratio of the alkali metal sulfamate to the sodium hypobro- 
mite is from about 0.5 to about 4. 

12. The method according to claim 10 wherein the molar 
ratio of the alkali metal sulfamate to the sodium hypobro- 
mite is from about 0.5 to about 2. 

13. A stabilized aqueous solution of an alkali or alkaline 
earth metal hypobromite which is prepared by the steps of: 

a. Mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to 
about 70 percent available halogen as chlorine with a 
water soluble bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 
to 30 percent by weight aqueous solution of unstabi- 
lized alkali or alkaline earth metal hypobromite; 

c. Adding to the unstabilized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an 
alkali metal sulfamate in a quantity to provide a molar 
ratio of alkali metal sulfamate to alkali or alkaline earth 
metal hypobromite is from about 0.5 to about 7; and. 

d. Recovering a stabilized aqueous alkali or alkaline earth 
metal hypobromite solution. 

14. An industrial water system containing from about 0.05 
to about 1000 ppm of the solution of claim 13. 
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15. In a method for the laundering of soiled garments in 
which the soiled garments are washed in an aqueous media 
containing a detergent and a bleaching agent, the improve- 
ment comprises using as the bleaching agent the solution of 

5 claim 13. 

16. In a method for the manufacture of cellulosic mate- 
rials in which cellulosic fibers are bleached with an oxidiz- 
ing agent, the improvement comprises using as the oxidizing 
agent the solution of claim 13. 

to 17. In a method for the control of microbiofouling in a 
recreational water system in which an oxidizing agent is 
added to control microbiofouling. the improvement com- 
prises using as the oxidizing agent the solution of claim 13. 

18. In a method for the control of microbiofouling occur- 
15 ring on the surfaces of equipment in contact with produced 

oil field waters, the improvement comprises adding to the 
produced oil field waters an anti-microbiofouling effective 
amount of the solution of claim 13. 

19. A method of controlling microbiofouling in an aque- 
20 ous system which comprises adding to the aqueous system 

an effective, anti-microbiofouling amount of the solution of 
claim 13. 

20. A method of preventing microbiofouling on the sur- 
faces of equipment in contact with in an industrial water 

25 system which comprises adding to the aqueous system an 
anti- microbiologically effective amount of a stabilized 
sodium hypobromite solution, said solution having been 
prepared by the steps of: 

a. Mixing an aqueous solution of alkali or alkaline earth 
30 metal hypochlorite having from about 5 percent to 

about 70 percent available halogen as chlorine with a 
water soluble bromide ion source; 

b. Allowing the bromide ion source and the alkali or 
alkaline earth metal hypochlorite to react to form a 0.5 

35 to 30 percent by weight aqueous solution of unstabi- 
lized alkali or alkaline earth metal hypobromite; 
c Adding to the unstabilized solution of alkali or alkaline 
earth metal hypobromite an aqueous solution of an 

^ alkali metal sulfamate in a quantity to provide a molar 
ratio of sulfamate to hypobromite of from about 0.5 to 
about 7; and, 

d. Recovering a stabilized aqueous alkali or alkaline earth 
metal hypobromite solution. 
45 21. The method according to claim 20. wherein the 
industrial water system is selected from a group consisting 
of: a cooling water system; a sweetwater system; a gas 
scrubber system; and. an air washer system. 
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[57] ABSTRACT 
The method of adding to a nitrite corrosion inhibitor 
composition an effective amount of a bromosulfamate 
which is stable with respect to the nitrite corrosion 
inhibitor and provides an effective biocide, bactericide 
and fungicide. The composition using this bromosulfa- 
mate component to nitrite is utilized at about 0.1 to 10 
ppm (residual) with an optimum of about 0.2 ppm of 
bromosulfamate. The bromosulfamate composition 
comprises reacting together sodium bromide (NaBr). 
sodium hypochlorite (NaOCl) or chlorine, and sodium 
sulfamate (NaSOjNHj) or sulfamic acid, and using the 
product "fresh" in treating the nitrite solution. 

5 Claims, No Drawings 
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cidal agent as bromosulfamate, and the bromosulfamate 
METHOD FOR INHIBITING CORROSION IN compound is preferred. 

COOLING SYSTEMS AND COMPOSITIONS Two pilot cooling tower tests have further confirmed 

THEREFOR, CONTAINING A NITRITE these results. Test results: 



CORROSION INHIBITOR AND 
BROMOSULFAMATE 



Oxidant Residual 
(ppm) % NOi-Oxidized 



The term nitrite corrosion inhibitor applies to a wide ' , . . 

...... ,. , . . , . vv , , Chlorine Uzu >yu% 

group of inhibitors useful in industry, in metals such as Bromine 0.20 >90% 

steel, in closed and open recirculating systems of many 10 Chlorosuifamate 0.05 < 10% 

types. These inhibitors, which contain nitrite, usually Bromosulfamate a20_ <io% 

contain as an active ingredient a water-soluble nitrite 

salt, such as sodium nitrite. These nitrites may be con- In these tests, when chlorine was used as the biocide, 

verted to molecular nitrogen or ammonia by denitrify- fed at approximately 50 ppm, 0.2 ppm of chlorine resid- 
ing bacteria and fungi. The present invention is de- 15 ual was maintained, but > 90% of the nitrite was oxi- 

signed to solve a problem presented in the art of how to dized. 

keep the effective strength of the nitrite containing A similar result occurred when bromine was used, 

corrosion inhibitor composition in the presence of dele- fed at approximately 50 ppm, 0.2 ppm of bromine resid- 

terious bactericides and fungicides. ual was maintained, but >90% of the nitrite was also 

The bromosulfamate compound specifically is one of 20 oxidized, 

a class of compounds constituting antimicrobial agents When chlorosuifamate was used, fed at approxi- 

with particular reference as a bactericide and fungicide. mately 5 ppm, only a trace, or about 0.05 ppm, of chlo- 

Chlorine, bromine, and iodine compounds have been rine residual was maintained, but less than 10% of the 

utilized, but the novelty is narrowing utilization to un- nitrite was oxidized. 

cover a compound which is inert to or does not oxidize 25 Utilizing bromosulfamate, fed at approximately 5 

the nitrite corrosion inhibitor composition. The pre- PP m > maintained 0 .2 ppm of bromosulfamate residual, 

ferred bromosulfamate utilized as a liquid is preferably and ' ess than 10% of the "trite was oxidized, 

used in a range of about 0. 1 to 10 ppm (residual) with an The concentration of feed for chlorosuifamate and 

optimum of about 0.2 ppm. bromosulfamate was much less than the concentration 

The feed amount of the bromosulfamate which is the 30 of fo f * e chloril * and b ? om ™ e - „ 

input of the treatment compound to the nitrite composi- , H should be pointed ourthat bromosulfamate is at 

tion is 5 ppm. The residual is that product which is left leaSt equal . l ° onne * TOmme m ox,dant r ^ ,d u uaI 

com h :s b tr osulfamate after mixLs with the nitrite ^^K^S^££^ 

^ bromosulfamate treatment composition is pre- 35 f^X^Z^^^^ 
pared from sodium bromide, sodium hypochlorite (or 

chlorine), and sodium sulfomate (or sulfamic acid) Example II 

mixed together at ambient temperature or higher The Preparation of the Bromosulfamate Treatment 

product bromosulfamate is prepared and utilized Composition 

"fresh," where "fresh" is defined as up to five hours, as 40 

a biocide in the nitrite solution and therefore must be 50 - 200 g rams of sodium bromide, NaBr, was added 

used soon after preparation to 75 S 1 " 3 " 18 of sodium hypochlorite, NaOCl. After 
mixing the solution for 15-60 seconds, 50-200 grams of 

BACKGROUND OF THE INVENTION sodium sulfamate, NaS0 3 NH 2 , was added to the solu- 

The prior art points out a few distantly related pa- 45 tio^The resulting composition was usable as a biocide. 

tents as follows- P rocedure ls all prepared in solution. Addition- 

tio^^^ SiftSiS^^^^ 

SlSk oSfamlc S toSTpiS -* "-P— « d " 

phonate Decomposition by Chlorine-Bromine Mix- 50 « » _r :„u;u:»:„„ „„„„„: ■ • 

tares "US Pat No 4 852 1- A method of inhibiting corrosion comprising add- 

™ if ; t 4 ' 759 ' 8 ? 2 : , U1 ing to a cooling system containing a nitrite corrosion 

The sulfamate form noted in the '852 patent halts inhibitor of an * ffectjve of | roraosulfamate ^ a 

decomposition of phosphonates, whereas the bromide bactericide and fungicide 

does not, and the application is to the decomposition of 2 . The method of claim 1 wherein the effective 

the phosphonates which is not m the present invention. 55 Q f bromosulfamate is about 0. 1 to 10 ppm (resid- 

However, the art shown above in the patents noted does ual) with an optimum of about 0.2 ppm. 

not teach the idea of adding bromosulfamate, which 3. A nitrite containing corrosion inhibitor composi- 

does not oxidize nitrite and has excellent biocidal prop- tjon containing an effective amount of a bromosulfa- 

ertleS- mate as a bactericide and fungicide. 

Example I 60 4. The composition according to claim 3 wherein the 
effective amount of bromosulfamate is about 0.1 to 10 

This method has been tested on small scale where ppm (residual) with an optimum of about 0.2 ppm. 

bromine residuals could be maintained without destroy- 5. A method of making a nitrite containing corrosion 

ing nitrite. A test showed that without sulfamic acid, inhibitor comprising adding the reaction product of 

nitrite was destroyed when bromine was added to the 65 sodium bromide, sodium hypochloride or chlorine and 

system. Previous tests showed that chlorine destroyed sulfamate as a fresh solution wherein fresh is defined as 

nitrite and that chlorosuifamate did not destroy nitrite. being produced in one to 5 hours. 

However, chlorosuifamate is not as strong a microbio- * * * * * 
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ABSTRACT 



Liquid and solid bromine-containing compositions are 
described. A liquid mixed halogen composition is also 
described. The highly concentrated liquid compositions and 
the high-activity solid compositions have excellent physical 
and chemical stability. The compositions are effective bio- 
cides in water treatment. Methods of preparing the compo- 
sitions are also disclosed. These include combining a bro- 
mine compound in the oxidation state of -1 with hydrogen 
peroxide and a complexing agent followed by the addition of 
an alkaline source. The methods may further include the use 
of a solid organic or solid inorganic halogenating agent, 
conducting a solid-liquid separation, and adding an alkaline 



71 Claims, No Drawings 
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HIGHLY CONCENTRATED BROMINE 
COMPOSITIONS AND METHODS OF 
PREPARATION 

BACKGROUND OF THE INVENTION 5 

1 . Field of the Invention 

The invention relates to liquid and solid bromine-contain- 
ing compositions, and a liquid mixed halogen bromine and 10 
chlorine-containing composition, for use as biocides in 
water treatment. The highly concentrated liquid composi- 
tions and high-activity solid compositions have excellent 
physical and chemical stability. The invention also relates to 
methods of preparing the liquid and solid compositions. 15 

2. Description of the Related Art 

There are many ways of delivering a biocidal dose of 
bromine into water systems where the growth of microor- 
ganisms must be controlled. Early examples of accomplish- 
ing this involved introducing elemental liquid bromine (Br 2 ) 20 
or liquid bromine chloride (BrCl) to the water requiring 
treatment. However, both liquids are very volatile and 
evolve copious amounts of highly toxic and corrosive bro- 
mine fumes under normal conditions. Therefore, elaborate 
and expensive storage, transportation and handling safe- 25 
guards must be practiced when using these products. It is 
hardly surprising that the high costs of managing these 
hazardous properties have rendered the use of elemental 
liquid bromine and liquid bromine chloride obsolete in most 
water disinfection applications. 30 

An alternative system that overcomes these limitations 
employs an aqueous solution of sodium bromide (NaBr) in 
conjunction with liquid sodium hypochlorite (NaOCl) 
bleach. The user feeds the two materials to a common point 
where the NaOCl oxidizes the bromide ion to yield a mixture 35 
of hypobromous acid (HOBr) and hypobromite (OBr) ion. 
This activated solution must then be quickly introduced to 
the water being treated because the species in solution are 
unstable to the following rapid disproportionation and 
decomposition reactions. 40 



Disproportionation: 2HOBi + OBr - BiOf + 2HBi 
Decomposition: 2HOBr - 0 2 + 2HBr 



Such reactions are undesirable because the products of the 
reactions (HBr, 0 2 and Br0 3 _ ) are not biocidally active. 

Many users of this technology indicate that metering of so 
two separate solutions of NaBr and NaOCl is especially 
inconvenient since two sets of pumps, flowmeters, valves, 
pipe work, and container dikes are necessary. In addition, the 
activation system must be designed so that sufficient time is 
allowed for the NaBr and NaOCl solutions to fully react 55 
prior to being injected into the water being treated. Another 
disadvantage is that NaOCl solutions deteriorate rapidly, and 
so delivery pumps must continually be readjusted to com- 
pensate and ensure that the correct proportions of reactants 
are maintained for accurate dosing. This dual NaBr/NaOCl 60 
activation system is so cumbersome and difficult to control 
that many users have demanded a system in which the NaBr 
is supplied in a pre-activated, one-drum form that is stabi- 
lized to disproportionation and decomposition reactions. 
Clearly, a single feed liquid bromine biocide with these 65 
properties would be far more convenient and easier to use 
and control than the dual component approach. 
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One of the earlier attempts to develop a single feed, liquid 
bromine biocide is described in U.S. Pat. Nos. 4,886,915 and 
4,966,7 1 6 to Favstritsky, et al. An aqueous solution contain- 
ing 38% elemental bromine complexed as ethanolammo- 
nium hydrogen perbromide was administered to the water 
being treated. Subsequently, U.S. Pat. No. 5,141,652 taught 
the use of strong solutions of halide salts and hydrohalic 
acids to form solutions of bromine chloride complexes. 
However, neither technology became fully commercialized 
because the problem of bromine fuming from the products 
was not completely alleviated. 

U.S. Pat. Nos. 5,683,654, 5,795,487, 5,942,126, and 
6,136,205 describe processes to manufacture a single feed, 
liquid bromine biocide by mixing aqueous hypochlorite 
solutions with bromide ion sources and then stabilizing this 
reaction mixture to disproportionation and decomposition 
by introduction of a stabilizing agent. Although the resultant 
solutions did not evolve bromine fumes, the process 
required a complex two-step reaction. In the first step, NaBr 
and NaOCl solutions were mixed and sufficient time was 
allowed to permit the formation of a NaOBr solution. In the 
second step, this was then introduced to a solution of the 
stabilizing agent maintained at 50° C. However, the main 
limitation of this approach lay in the use of a NaOCl bleach 
solution as the foundation of the process. When NaOCl 
bleach was used as the activating agent, the concentration of 
the stabilized bromine product became limited by the con- 
centration of NaOCl bleach that is commercially available. 
In fact, despite using the highest strength grades of industrial 
NaOCl bleach, the bromine content of the resulting stabi- 
lized solutions was only about 14% as Br 2 (6.3% as Cl 2 ). 

Moore et al. overcame the complexity of the two-step 
reaction in U.S. Pat. Nos. 6,068,861, 6,495,169, and 6,322, 
822 and disclosed a single vessel reaction in which bromine 
or bromine chloride was added to a halogen stabilizer 
solution under conditions of pH control. The available 
bromine content of the resultant solutions was reported to be 
at least 10% as Br 2 (4.4% as Cl 2 ). However, when the 
process was scaled up, as disclosed in U.S. Pat. Nos. 
6,299,909,6,306,441, and 6,348,219, it was found necessary 
to employ a three-reactor sequence, and an upper limit of 
18% as Br 2 (8% as Cl 2 ) was imposed as the highest strength 
concentrate that could be made by the process. Another 
drawback to the processes described by Moore et al. was the 
hazardous nature of the starting reagents involved. The high 
cost of transporting and handling of elemental bromine or 
bromine chloride meant that commercial manufacturing of 
the stabilized bromine solutions could only be accomplished 
in highly specialized, dedicated plants close to sites where 
bromine is recovered from naturally occurring brines. In the 
U.S., the process of Moore et al. could only be practiced 
economically in manufacturing plants close to the brine 
fields of southern Arkansas or Michigan. 

Yang et al. sought to increase the concentration of the 
available bromine in the stabilized formulation, and dis- 
closed processes in U.S. Pat. Nos. 6,156,229, 6,423,267, and 
6,287,473 that also employed the use of elemental bromine, 
bromine chloride, or sodium bromate. Using these methods, 
liquid bromine concentrates containing 26.2% as Br 2 (11 .6% 
as Cl 2 ) were prepared. However, it was reported that such 
solutions were physically unstable, and large amounts of 
bromine-containing solids precipitated out of solution on 
standing overnight. Upon filtration of the solids, the liquid 
phase comprised 18.7% as Br 2 (8.3% as Cl 2 ). No informa- 
tion on the long-term chemical stability of the concentrates 
was reported. Other efforts to prepare stabilized liquid 
bromine formulations of high concentration were disclosed 
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in U.S. Pat. No. 6,270,722 where high strength industrial 
grade sodium hypochlorite solutions and gaseous Cl 2 were 
used to oxidize sodium bromide solutions. Stabilized liquid 
bromine concentrates containing up to 20.75% as Br 2 
(9.22% as Cl 2 ) were reported, but no information regarding 5 
the stability of the products to precipitation of solids was 
disclosed. 

As is well noted in the prior art, the bromine content of 
stabilized formulations prepared using only sodium 
hypochlorite bleach solutions is limited by the strength of to 
commercially available material. Indeed, even using the 
highest strength grade of industrial NaOCl bleach, the 
bromine content of the resulting solutions is reported to be 
only around 14% as Br 2 (6.3% as Cl 2 ). Although higher 
concentration solutions can be prepared with processes that 15 
employ Br 2 , BrCl, or Cl 2 , those processes result in a 
substantial amount of halide ion salt contaminants. Typi- 
cally, when using these reagents, half of the respective Br 
atoms, and all of the respective chlorine atoms, materialize 
as halide ion salts. These halide ion salts are soluble and 20 
remain in the solution. These halide ion salts are deleterious 
because they: (1) limit the concentration of stabilized liquid 
bromine that can be attained in solution; (2) decrease the 
chemical stability of the resulting liquid bromine concen- 
trates; and (3) decrease the physical stability of the liquid 25 
bromine concentrate resulting in undesirable precipitation of 
salts from solution. 

Certainly, the physical and chemical stability of the liquid 
bromine solutions was of concern to McKinnie, et al. in U.S. 
Pat. No. 6,506,418. They reported that under the acidic 30 
conditions advocated in their earlier processes based on 
BrCl, Br 2 , or Cl 2 , "a substantial portion of the sulfamate can 
be hydrolyzed rather rapidly to sulfate" (col. 3, line 67 to col. 
4, line 1) and further that "loss of sulfamate due to hydroly- 
sis to sulfate can result in decreased storage stability of the 35 
finished product" (col. 4, line 3 to col. 4, line 5), later to 
point out that "loss of sulfamate imposes an economic 
burden on the operation" (col. 4, line 8 to col. 4, line 9). To 
overcome these deficiencies, acidic reaction conditions were 
discouraged, and alkaline pH conditions of 8-10 were 40 
recommended when introducing BrCl, Br 2 , or Cl 2 to the 
reaction medium. Yang et al. also recognized the benefits of 
alkaline conditions in U.S. Pat. Nos. 6,123,870 and 6,287, 
473 for processes to prepare liquid bromine solutions. In 
these processes, BrCl or Br 2 was added to highly caustic 45 
solutions of sodium sulfamate such that the resulting solu- 
tion had a pH of 12.5. It was claimed that without adequate 
pH control, rapid decomposition of the oxidizing species 
occurred. 

Users of stabilized liquid bromine products recognize that 50 
formulations that contain higher levels of active ingredients 
have distinct economic advantages over dilute products 
since less product needs to be applied to a water system in 
order to achieve the equivalent dose of a weaker material. 
Also, more concentrated products need to be replaced less 55 
frequently than dilute products. Other advantages of con- 
centrated liquids include reduced packaging, storage, and 
transportation costs per unit weight of active ingredient. 
Products prepared to contain high levels of dissolved active 
ingredients must display two essential attributes. First, they 60 
must be chemically stable, i.e. they should not decompose 
quickly, so as to maintain high activity for extended periods. 
Second, they must be physically stable, i.e. they should not 
precipitate or crystallize into solid salts that could plug pipe 
work and make the feeding of liquid materials grind to a halt. 65 

Therefore, the need exists for liquid biocidal bromine 
compositions of higher concentration and superior physical 
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and chemical stability than those described in the prior art 
and for methods of preparation of such compositions. There 
is a need for methods that employ inexpensive starting 
materials that are less hazardous and easier to handle than 
elemental liquid Br 2 or liquid BrCl. There is also a need for 
methods that are not restricted to manufacturing plants close 
to bromine recovery facilities and that may be conducted 
quickly and efficiently in a single reactor. This invention 
addresses these needs. 

Additionally, there is a need for liquid biocidal compo- 
sitions based on mixtures of bromine and chlorine. No such 
compositions have ever been reported. All of the prior efforts 
have been directed toward the preparation of compositions 
in which bromine is the sole active ingredient, primarily 
because of the superior biocidal performance of bromine 
compounds compared to chlorine compounds. In waters 
exerting a high halogen demand, however, it is more eco- 
nomical for the demand to be satisfied with lower cost 
chlorine chemistry than with higher cost bromine chemistry. 
Thus, there is a need for a liquid composition containing 
both bromine and chlorine. This invention addresses this 
need as well. 

There is also a need for a solid high-activity bromine- 
containing biocidal composition that is stable and fast dis- 
solving. There are several solid, high-activity bromine- 
releasing compounds that are sold commercially as biocidal 
products. They are generally available as heterocyclic 
organic compounds to which an oxidizing bromine atom is 
covalently bonded to a nitrogen atom on the ring. Examples 
include N,N' bromochloro-5,5-dimethylhydantoin, 1,3-di- 
bromo-5,5-dimethylhydantoin, and mixtures of these com- 
pounds with various other components. In water, these 
materials hydrolyze to release hypobromous acid, which is 
the biocidal agent. However, the major limitation of these 
solid compounds is that they are only sparingly soluble in 
water. Indeed, N,N' bromochloro-5,5-dimethylhydantoin 
has a water solubility of only 0.1% at 20° C. As a result, 
bromine is only released very slowly from these products as 
they dissolve. This is a significant disadvantage when the 
water requires treatment with a high, rapid dose of biocidal 
bromine as is necessary in shock and slug dosing proce- 
dures. Therefore, there exists the need for solid, high- 
activity forms of bromine of high water solubility and which 
dissolve rapidly and completely to provide the water with a 
high, rapid dose of biocidal bromine. Additionally, these 
solid products must have a long shelf life and not lose 
activity prior to use. This invention addresses these needs. 

SUMMARY OF THE INVENTION 

The present invention is directed to methods of preparing 
highly concentrated liquid bromine-containing composi- 
tions and highly concentrated mixed halogen liquid bromine 
and chlorine-containing compositions, and high-activity 
solid bromine-containing compositions that have excellent 
physical and chemical stability. The invention is also 
directed to the compositions themselves. 

The compositions of this invention are sources of oxidiz- 
ing halogen that are useful for microbiological control in 
aqueous systems. This is generally achieved by introducing 
the compositions into water requiring microbiological con- 
trol in an amount sufficient to be biocidally effective. Appli- 
cation areas include a number of industrial water systems 
such as recirculating cooling water, once-through cooling 
water, air washer systems, decorative fountains, oil field 
injection water, oil well completion fluids, municipal and 
industrial wastewater, brewery pasteurizing water, hydro- 
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static sterilizer cooling water, pulp and paper processing 
water, and agricultural irrigation water. Application areas 
also include a number of residential water systems where the 
home consumer can apply the compositions in aqueous 
systems where microbiological control is necessary. Some 
of these consist of pool and spa water, kitchen and bathroom 
rinses, toilet bowl rinses, and mold and fungus sprays for 
inside and outside the home. 

The first, second, and third embodiments of the invention 
are methods for preparing liquid bromine-containing com- 
positions. In the first embodiment, anhydrous hydrogen 
bromide gas and a concentrated solution of hydrogen per- 
oxide are used to make a liquid composition. In the second 
embodiment, an aqueous solution of bromide ions, a con- 
centrated solution of hydrogen peroxide, and a solid halo- 
genating agent (either organic or inorganic) are used to make 
a liquid bromine-containing composition or a mixed halogen 
liquid bromine and chlorine-containing composition. In the 
third embodiment, an alkali metal or earth alkali metal 
solution of bromide ions is combined with a solid haloge- 
nating agent (either organic or inorganic) to make a liquid 
bromine-containing composition or a mixed halogen liquid 
bromine and chlorine-containing composition. 

The fourth and fifth embodiments of the invention are 
methods for preparing solid brornine-containing composi- 
tions. The fourth embodiment utilizes a bromine compound 
in the oxidation state of -1, a concentrated solution of 
hydrogen peroxide, and a solid halogenating agent (either 
organic or inorganic). The fifth embodiment utilizes an 
alkali metal or earth alkali metal solution of bromide ions 
and an organic halogenating agent. Both the fourth and fifth 
embodiments may be used to prepare two end products. The 
first is a saturated solution of the alkali metal or earth alkali 
metal salt of hydrated N-bromosulfamate. The second is the 
solid alkali metal or earth alkali metal salt of hydrated (or 
anhydrous) N-bromosulfamate. 

The sixth, seventh, and eighth embodiments of the inven- 
tion are compositions of matter. The sixth embodiment is a 
highly concentrated bromine-containing liquid composition 
having an active ingredient content of at least about 18% as 
Br 2 (8% as Cl 2 ). This liquid has zero to about 1 mole of 
dissolved halide ion salts per mole of active halogen, 
depending on the method of preparation. Further, this liquid 
composition has physical stability in that it is not prone to 
solid precipitates and is stable to at least three cycles of 
freezing and thawing and has chemical stability in that its 
active ingredient half-life is at least about 58 days at 125° F. 
The liquid also has undetectable levels of bromate ion. 

The seventh embodiment is a composition of matter, a 
highly concentrated mixed halogen liquid composition con- 
taining both bromine and chlorine, having an active ingre- 
dient content of at least about 11.25% as Br 2 (5% as Cl 2 ). It 
is characterized as containing less than about 1 mole of 
dissolved halide ion salts per mole of active halogen. Com- 
pared to the all-bromine composition of the sixth embodi- 
ment, the mixed halogen composition has even greater 
physical and chemical stability. 

The eighth embodiment is two compositions of matter: 
the solid alkali metal or earth alkali metal salt of hydrated 
N-bromosulfamate and the solid alkali metal or earth alkali 
metal salt of anhydrous N-bromosulfamate. These high- 
activity solids are stable and dissolve quickly to yield a 
highly concentrated bromine-containing solution. 

A significant advantage of this invention is that it provides 
stable, aqueous brornine-containing compositions that con- 
tain significantly lower amounts of contaminant halide ion 
salts than the methods of the prior art. The methods of the 
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first and second embodiments result in liquid compositions 
that possess little or no halide ion salts because all or 
significantly all oxidation is accomplished with high 
strength hydrogen peroxide solutions. Contrary to processes 

5 that employ NaOCl/NaBr solutions, Cl 2 /NaBr solutions, 
Br 2 , or BrCl, hydrogen peroxide solutions contribute no 
inert ions or extraneous salts to the finished product that 
adversely impact its strength and stability. Thus, the meth- 
ods of these embodiments minimize halide ion-induced 

to physical and chemical destabilization. Assuming a 100% 
reaction yield, Table I compares the ratio of inactive, soluble 
halide (X") ion to active bromine that materializes with the 
product when various reagents are used. 

15 TABLE I 




2 5 Another notable advantage of this invention is that it 
makes possible the formation of highly concentrated liquid 
and high-activity solid bromine-containing compositions 
using inexpensive reagents. For example, the method of the 
first embodiment (yielding a liquid composition) and the 

30 method of the fourth embodiment (yielding a solid compo- 
sition) may use anhydrous hydrogen bromide gas. This gas 
is a by-product of chemical reactions in which organic 
compounds are brominated with elemental Br 2 . Gaseous 
anhydrous hydrogen bromide escapes the reactor and is 

35 normally scrubbed into water to form a solution of 
48%-70% aqueous hydrogen bromide solution that is either 
piped to a separate unit operation for production of more 
elemental Br 2 , or is neutralized and disposed of as waste. 
The methods of the first, second, and fourth embodiments 
also use an inexpensive oxidizing agent, hydrogen peroxide. 

A major benefit of the methods of the second, third, 
fourth, and fifth embodiments is that they use solid haloge- 
nating agents. Because solid halogenating agents are devoid 
of water, the bromine content of the finished compositions is 
not diluted as it is where hypochlorite solutions are used. 
Further, these solid halogenating agents are generally high in 
available halogen and do not contain large amounts of 
extraneous salts or inactive ingredients that enter the fin- 
ished product. Hence, the compositions that are obtained 
using solid halogenating agents possess lower levels of 
water, as well as lower levels of dissolved salts or other 
extraneous materials, which would otherwise dilute the 
available bromine content of the product and adversely 
impact its chemical and physical stability. 

Another remarkable benefit of this invention is that the 
methods of the second and third embodiments make possible 
the formation of highly concentrated liquid bromine-con- 
taining compositions employing processes that generate no 
solid wastes. Thus, using solid organic halogenating 
reagents such as trichloroisocyanuric acid (TCCA) (also 
known as trichloro-s-triazinetrione). sodium dichlorisocya- 
nurate (NaDCC) (also known as sodium dichloro-s-triazin- 
etrione), or sodium dichlorisocyanurate dihydrate 
(NaDCC.2H 2 0) (also known as sodium dichloro-s-triazin- 
etrione dihydrate), the by-product of the halogenation reac- 
tion is cyanuric acid (CA). This is insoluble in the reaction 
medium and precipitates in a solid form. Upon filtration and 
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washing, highly purified CA wetcake is recovered. This can Still another feature of the invention is that the fourth and 
be recycled to other processes to make additional quantities fifth embodiments make possible the manufacture of a 
of TCCA, NaDCC or NaDCC.2H 2 0 that can be used in the highly soluble bromine-containing solid composition ii 



process that neither employs nor generates measurable 

A further benefit of the method of the third embodiment 5 amounts of bromate. 

of the invention is that it results in a liquid mixed halogen Another advantage of this invention is that the methods of 

bromine and chlorine-containing composition that is safer all of the embodiments make possible the formation of 

and more convenient to produce than those that are pre- highly concentrated liquid or high-activity solid bromine- 

dominantly bromine based. containing compositions in a series of fast, efficient, and 

A very surprising discovery of the invention is that the 10 high-yielding reactions, 
methods of the second and third embodiments use solid This invention is also advantageous in that the methods of 
halogenating agents, instead of the liquid precursors used in all of the embodiments make possible the formation of 
the prior art, to prepare liquid bromme-containing compo- highly concentrated liquid or high-activity solid bromine- 
sitions. The prior art methods use NaOCl solutions, Br 2 , or containing compositions using reagents that are safer, easier, 
BrCl and describe chemistries that are designed to be 15 and more convenient to handle and transport than the 
accomplished under homogeneous, liquid phase conditions. hazardous materials BrCl, elemental Br 2 , or gaseous Cl 2 
The second and third embodiments are not performed under utilized in the prior art processes, 
such conditions. Rather, they are performed under distinctly 
different, heterogeneous, solid-liquid conditions, because 
the solid halogenating agents never completely dissolve. 20 
The reaction chemistries of the second and third embodi- 
ments proceed rapidly, smoothly, and in high yield. The First Embodiment 

A further very surprising discovery of the present inven- 
tion is that, using the method of the second embodiment, This embodiment is a method of preparing a highly 
highly concentrated liquid bromine-containing composi- 25 concentrated aqueous bromine-containing biocide composi- 
tions can be prepared under conditions of extremely high tion using anhydrous hydrogen bromide gas and a concen- 
acidity. Indeed, the prior art teaches that such conditions are trated solution of hydrogen peroxide. The method preferably 
to be avoided in order to suppress undesirable hydrolysis of includes the following steps. Steps (a) and (b) may be 
the sulfamic acid to ammonium sulfate. The presence of performed in any order, or simultaneously, followed by step 
sulfate is undesirable because it is prone to precipitate and 30 (c). 

impair the physical stability of the solution. The presence of a. Mixing a complexing agent with a concentrated solu- 
ammonium ion is undesirable as it reacts destructively with tion of hydrogen peroxide to form a slurry, 
halogens to reduce the chemical yield of the reaction result- Preferably, the complexing agent is solid sulfamic acid 
ing in the formation of troublesome nitrogen gas bubbles in ^ and is introduced to the hydrogen peroxide solution with 
the reactor. stirring. Hydrogen peroxide solution is commercially avail- 
It is a further very surprising discovery of the present able at concentrations up to 90%, but 50% hydrogen per- 
invention that the methods of the second and third embodi- oxide is recommended as it is safer to use and is more 
ments use solid, organic halogenating agents instead of a commonly available. 

NaOCl solutions, Br 2 , or BrCl to prepare aqueous bromine- ^ b. Introducing a source of covalently bonded anhydrous 

containing compositions of far higher concentrations than hydrogen bromide gas into the slurry, 

previously reported. This is because solid, organic haloge- One source of anhydrous hydrogen bromide gas is the 

natmg agents typically display only very limited water reaction medium in which bromide ion is released from an 

solubility, so it would be expected that the maximum con- organobromine complex in a nucleophilic displacement 

centration of a halogen-containing composition prepared 45 reaction. An example would be the reaction of methyl 

using such materials would be correspondingly low. For bromide with sodium hydroxide (reaction 1) followed by 

example, trichloroisocyanuric acid dissolves in water to acidification with mineral acid (reaction 2): 
yield a saturated solution of just 1.1% as Cl 2 at 25° C. 

Nevertheless, the method of the present invention uses CH 3 Br+NaOH-*CH 3 OH+NaBr (i) 

trichloroisocyanuric acid to prepare aqueous bromine-con- 50 

taining compositions having levels of halogen equivalent to NaBr+HCl-»NaCl+HBr( g ) (2) 
almost 11% as CI,. 

t j , . . ..,,„, , However, a preferred source of anhydrous hydrogen bro- 

<vt w t Se I ™ 0I V S ^ ^ **** 8 as is m emission from a ractor where bromination of 

fifth embodiments make possible the formation of a highly an organic com p 0und is tadag place . 

soluble bromine-containing solid composition using 55 

' ' ;o handle and less expen- h+Bt 2 -r— Br+HBr(g) (3) 



sive to transport than alkali metal or earth alkali metal 

hypochlorite solutions. The hydrogen bromide gas is directed subsurface, and with 

The invention also has the advantage of using a single agitation, to a reactor containing the slurry of sulfamic acid 

reactor sequence. In the melhods of all of the embodiments, 60 * Stron « Mrogen peroxide solution. The hydrogen perox- 

the complexing agent is introduced to the reaction as the free ! de oxld,zes / Mrogen bromide gas to bromine as shown 

acid without the requisite for preforming its alkali metal or f reactlon (4) ' Bromme with sulfamic acid to form a 

earth alkali metal salt in a separate reactor. Accordingly J" 0 ™ 0 denvatlve md co-produce an additional amount of 

since highly acidic conditions are maintained throughout Ihe hydr0gen bromlde as illustate d by reaction (5). 

oxidation reactions, the possibility of bromate ion (an unde- 65 2HBr+H 2 o 2 ^Br 2 +2H 2 o (4) 
sirable, carcinogenic by-product) being formed within the 

composition is eliminated. Br 2 +NH 2 — so 3 H-»[Br][NH— so 3 H]+HBr (5) 
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The Second Embodiment 



The amount of anhydrous hydrogen bromide gas added to 
the reactor is such that between 10% and 100% of the Br 
moieties form a complex with sulfamic acid. The amount of 
sulfamic acid present in the slurry depends on the amount of 5 
anhydrous hydrogen bromide introduced to the reactor. A 
mole ratio of about 0.75:1 to about 1.5:1 sulfamic acid: 
hydrogen bromide is advantageous to the stability of the 
final product with about 0.95: 1 to about 1 .2: 1 being the most 
preferred mole ratio range. 10 

The reaction time and temperature are controlled in order 
to maximize the conversion of hydrogen bromide gas into 
bromine, and niinimize the amount of unreacted hydrogen 
peroxide remaining in the reaction medium. Processing can 
be performed in the batch or continuous mode. In continuous 15 
processing, the reactor size can be significantly reduced 
without loss in product output rate. The reactants are co-fed 
to a common junction as the reaction products are continu- 
ously withdrawn. In both continuous and batch processes, 
the reactions are conducted with mixing. The oxidation of 
hydrogen bromide gas with hydrogen peroxide is an exo- 
thermic reaction. Heat removal is effected by conducting the 
reaction at the refluxing temperature of the reaction mixture 
using a condenser to facilitate the heat removal process. 
Alternatively, cooling is effected with a jacketed reactor. 

When hydrogen peroxide is used in this fashion, all of the 25 
Br moieties introduced to the reactor as hydrogen bromide 
materialize as active bromine in the final product. None are 
wasted as by-product bromide ion salts. 

c. Adding an alkaline source to the reaction medium. 

Any alkaline source may be employed. Examples include, 30 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 35 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used in the process of this invention. 
The sodium hydroxide solution is introduced to the reaction 
medium slowly, and with stirring and cooling such that the 40 
temperature does not exceed 80° F. The purpose is to 
deprotonate the bromo derivative of sulfamic acid to form 
the bromo derivative of sodium sulfamate according to 
reaction (6). 

[Br][NH — S0 3 H]+NaOH-*[Br] [NH — S0 3 ~] [Na + ]+ 45 
H 2 0 (6) 

The amount of NaOH solution employed depends on its 
strength and on the initial charge of hydrogen bromide gas. 
The overall mole ratio of hydrogen bromide gas to NaOH is 
in the range of about 1:2 to about 1:5 and preferably about 50 
1:3 to about 1:4. 

PROSPECTIVE EXAMPLE 1 elirr 

Hydrogen bromide gas (8.09 g/min) is directed to a 5: 
mixing unit for contact with a slurry formed by combining 
sulfamic acid (11.64 g/min) and 50% hydrogen peroxide 
(6.8 g/min). The overall reaction is: 

H 2 0 2 +NH 2 — S0 3 H+HBr-^[Br][NH— S0 3 H]+2H 2 0 (7) 

The temperature and contact time are controlled so that 
the reaction is driven to completion and no unreacted H 2 0 2 
remains in the reaction medium whereupon 50% NaOH 
(28.0 g/min) is introduced to complete the process according 



This embodiment is a method of preparing highly con- 
centrated liquid bromine-containing compositions using an 
aqueous solution of bromide ions, a concentrated solution of 
hydrogen peroxide, and a solid halogenating agent (either 
organic or inorganic). 

Overall, this method is advantageous in that it uses a high 
strength hydrogen peroxide solution in combination with a 
solid halogenating agent. This method results in a compo- 
sition that contains significantly lower amounts of contami- 
nant halide ion salts than solutions prepared using Br 2 , BrCl, 
Cl 2 /NaBr, or NaOCl/NaBr solutions and is thus highly stable 
to chemical and physical decomposition processes. This 
stabilized composition possesses far higher bromine con- 
centrations than those available from using Br 2 , BrCl, Cl 2 , 
and even the strongest solutions of sodium hypochlorite. 
Thus, practice of this method provides a stable, aqueous 
composition of matter that contains 60-80% more available 
bromine than solutions that are currently commercially 
available. Moreover, the aqueous composition of this inven- 
tion contains the highest concentration of bromine hitherto 
reported in the prior art. Typically, the composition of this 
invention contains greater than 21 .4% as Br 2 (9.4% as Cl 2 ). 
It is golden yellow in color. 

The method of this embodiment may also be used to 
prepare a liquid mixed halogen composition that contains 
both bromine and chlorine. The method uses a solution of 
bromide ions in conjunction with a molar excess of the 
combination of hydrogen peroxide and a solid chlorinating 
agent (cither organic or inorganic). This light golden-colored 
composition contains 60-80% more available halogen than 
the all-bromine solutions that are currently available com- 
mercially. Typically, the mixed halogen composition pre- 
pared using this method contains a total halogen level of 
greater than 21% expressed as Br 2 (9.4% expressed as Cl 2 ). 

A major benefit of a mixed halogen biocide is in the 
treatment of contaminated water that exerts a considerable 
halogen demand. This chemical demand can be satisfied by 
the less expensive chlorine portion of the composition, 
permitting more of the bromine portion to be available for 
microbiological control. Mixed halogen compositions are 
also safer and more convenient to manufacture than those 
that are predominantly bromine based. For example, during 
the preparation of the latter, the solutions have a tendency to 
emit deep red, highly corrosive and toxic bromine fumes 
right up until the final addition of the alkaline source. These 
vapors must be scrubbed from the reaction vessel's head- 
space in order to eliminate atmospheric release, worker 
exposure, and to prevent the fumes from entering and 
damaging expensive vacuum processing equipment. By 
contrast, the mixed halogen compositions emit hardly any 
deep red bromine fumes during their manufacture. Thus, the 
necessity for scrubbing the reaction vessel's headspace is 
eliminated. 

A further significant aspect of compositions based on 
5 mixtures of stabilized bromine and chlorine is that in water 
systems employing long contact times, there may be suffi- 
cient time for the N-chlorosulfamate to react with "spent" 
bromide ion and regenerate N-bromosulfamate according to 
the following schematic. 

[Br — NH — S0 3 ~]-t-H 2 0=HOBr+NH 2 S0 3 ~ 

Upon performing biocidal and oxidative reactions, HOBr 
reverts to soluble bromide ion. This can enter into reaction 
. with N-chlorosulfamate to form additional N-bromosulfa- 



[Br][NH — S0 3 H]+NaOH-*[Br][NH — S0 3 ~][Na + ]+ 
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In this way, the consumer is able to derive the performance bromide ion, regeneration by hydrogen peroxide 



benefits of 2 moles of N-bromosulfamate for the price of 1 described in reactions (9) and (10) will ensure that both 

mole of N-bromosulfamate and 1 mole of N-chlorosulfa- bromine atoms are utilized as active forms, 
mate. c. Mixing a complexing agent to the fully or partially 

As a general rule, chlorinated compounds display higher 5 oxidized solution, 
water solubility than their brominated counterparts. Further, On allowing the highly acidic, bromine-laden reaction 

a mixed halogen composition may be formulated to employ mixture to cool, a complexing agent is introduced to the 

far less sodium bromide salt than an all-bromine solution. same reactor. Preferably the complexing agent is solid 

Thus, another highly advantageous facet of this invention is sulfamic acid. Bromine reacts with sulfamic acid to form a 
that it makes possible the formation of a mixed halogen 10 bromo-derivative and co-produces an additional amount of 

composition that is lower in solids and is inherently more hydrogen bromide as illustrated by reaction (10). 
soluble than those based solely on bromine. This highly 

water-soluble composition exhibits improved physical sta- Br 2 +NH 2 — so 3 H-»[Br][NH — so 3 H]+HBr (to) 
W% as it becomes less prone to solid precipitation on ^ amawt of sulfamjc acjd added ofl ^ 

S i S' u a j m • ,,in ^ •• 15 amount of aqueous hydrogen bromide originally present. A 

1. The Method ofPreparmg an All-Bromine Composition mole ratio 0 f about 0.75:1 to about 1.5:1 sulfate acid to 

Using Hydrogen Peroxide aqueous hydrogen bromide is advantageous to the stability 

The method preferably includes the following steps. Steps of me fina] pro duct, with about 0.95: 1 to about 1 .2: 1 being 

(a), (b), and (c) may be performed in any order, or simul- the most preferred mole ratio range. 

taneously, followed by step (d). In me evem mat ^ reaction me dium is 100% oxidized by 

a. Utilizing an aqueous solution of bromide ions in which hydrogen peroxide in step (b), the method concludes with 
the pH is less than +1. step ( d) However, even in the event that the reaction 

The first step of this method is conducted under condi- me dium is only partially oxidized in step (b), the method 

tions of extreme acidity, preferably at a pH which is greater conc l u des with step (d). 

than -1 and less than +1 . Any acidified source of bromide d Addin an a]kaline sm]rce to the reaction mofhsr 

ions can be employed m the practice of this invention, for K guch ^ if ^ alka , ine k a h saJ ^ 

example, an aqueous solution of sodium bromide acidified oveJall mole ^ of aqueous h & bromide to h dmx _ 

with a strong mineral acid such as ^hydrochloric or nitric ide k betwem abou( h2 and ^ * 5 ferabl h ^ eea 

acid. However, aqueous hydrogen bromide is a preferred about j :3 about j :4 

starting material and can be used at any concentration up to A '„,. ' ' . . Jr , , ■ . , 

70% hv weicbl nhhmwh 48% « e^eriallv t-nnvpnipnt tn 30 ^ alkalme source ma y be employed. Examples include, 

70 /» by wcght, although 48/o is especially convenient to ^ gK ^ limited ( ^ w ^ ^ ^ 

use as this is the concentration at which the product does not carbonateS) bicarbonat es, oxides, and hydroxides. When 

appreciably fume HBr vapors. so]utions are preferred! sodium hydroxide or p otassium 

b. Introducmg to the highly acidic solution of bromide hydroxide solutions are convenient to use, alone or in 
ions, a highly concentrated solution of hydrogen peroxide to combination with each other. A particularly preferred alka- 
effect a partial or complete oxidation of the bromide ions line source is 50% NaOH solution. To prevent storage 
into bromine. problems in cold climates, 50% NaOH solution may be 

2HBr(aq)+H o ->Br +2H O (9) diluted with water and used. The sodium hydroxide solution 

2 2 2 2 is introduced to the reaction medium slowly, and with 

Strong solutions of hydrogen peroxide are preferably stirring and cooling such that the temperature preferably 
introduced to the 48% aqueous hydrogen bromide solution, 40 does not exceed 80° F. The purpose is to deprotonate the 

although the order of addition can be changed without bromo derivative of sulfamic acid to form the bromo deriva- 

appreciably effecting the reaction. Hydrogen peroxide is tive of sodium sulfamate according to reaction (14). 
commercially available at concentrations up to 90%, but 

50% hydrogen peroxide is safer to use and is more com- [Br][NH-so 3 H ]+ NaOH^ [ Br] t NH- S 03~]^] + 
monly available. Preferably, 50% hydrogen peroxide is 45 2 

added slowly and with stirring to a solution of 48% aqueous The amount of 50% NaOH solution employed depends on 

hydrogen bromide calculated to have a pH of -0.78. The the initial charge of aqueous hydrogen bromide. The overall 

amount of 50% hydrogen peroxide added to the 48% aque- mole ratio of aqueous hydrogen bromide to NaOH added in 

ous hydrogen bromide solution should be sufficient to oxi- steps (d) is in the range of about 1:2 and about 1:5, 
dize between 10% and 100% of the stoichiometric amount 50 preferably about 1:3 to about 1:4. 

and, most preferably, between 20% and 80% of the stoichio- 2. The Method of Preparing an All-Bromine Composition 

metric amount of bromide ions into bromine. The oxidation Using Hydrogen Peroxide and a Solid Organic Halogenating 

of aqueous hydrogen bromide with hydrogen peroxide is an Agent 

exothermic reaction. Heat removal is effected by conducting ^ method preferably includes & e fo ii owing steps . steps 
the reaction at the refluxing temperature of the reaction w (a)> (b)> and (c) be performed in wy order or simu ]. 

medium using a condenser to facihtate the heat removal taneoiwly, followed by the remaining steps, 
process. Alternatively, cooling ,s effected with a jacketed a UtiUzm s ^ of brolnjde ions in which 

reactor. The reaction time and temperature are controlled in f , H ' 1 th 1 
order to maximize me conversion of bromide into bromine ep ls ess n+ - 



it of unreacted hydrogen peroxide ^ &st ste P of Ms meth °<l is conducted under condi- 

-emaining in the reaction medium. 60 110118 of extreme acidity, preferably at a pH which is greater 

When hydrogen peroxide is used in this fashion, all of the than - 1 and less than +1. Any acidified source of bromide 



;s introduced to the reactor as hydrobromic acid ions can be employed in the practice of this ir 

can materialize as active bromine in the final product. None example, an aqueous solution of sodium bromide acidified 

are wasted as by-product bromide ion salts. In this regard, with a strong mineral acid such as hydrochloric or nitric 

hydrogen peroxide may also be used advantageously in 65 acid. However, aqueous hydrogen bromide is a preferred 



is where elemental bromine is the starting raw mate- starting material and 
rial. Instead of wasting half of the Br moieties as inactive 70% by 
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use as this is the concentration at which the product does not 
appreciably fume HBr vapors. 

b. Introducing to the highly acidic solution of bromide 
ions, a highly concentrated solution of hydrogen peroxide to 
effect a partial or complete oxidation of the bromide ions 5 
into bromine. 

2HBr(aq)+H 2 0 2 -*Br 2 +2H 2 0 (12) 
Strong solutions of hydrogen peroxide are preferably 
introduced to the 48% aqueous hydrogen bromide solution, io 
although the order of addition can be changed without 
' "y effecting the reaction. Hydrogen peroxide is 
•daily available at concentrations up to 90%, but 
50% hydrogen peroxide is safer to use and is more com- 
monly available. Preferably, 50% hydrogen peroxide is 15 
added slowly and with stirring to a solution of 48% aqueous 
hydrogen bromide calculated to have a pH of -0.78. The 
amount of 50% hydrogen peroxide added to the 48% aque- 
ous hydrogen bromide solution should be sufficient to oxi- 
dize between 10% and 100% of the stoichiometric amount 20 
and, most preferably, between 20% and 80% of Ihe stoichio- 
metric amount of bromide ions into bromine. The oxidation 
of aqueous hydrogen bromide with hydrogen peroxide is an 
exothermic reaction. Heat removal is effected by conducting 
the reaction at the refluxing temperature of the reaction 25 
medium using a condenser to facilitate the heat removal 
process. Alternatively, cooling is effected with a jacketed 
reactor. The reaction time and temperature are controlled in 
order to maximize the conversion of bromide into bromine 
and minimize the amount of unreacted hydrogen peroxide 30 
remaining in the reaction medium. 

c. Mixing a complexing agent to the fully or partially 
oxidized solution. 

On allowing the highly acidic, bromine-laden reaction 
mixture to cool, a complexing agent is introduced to the 35 
same reactor. Preferably the complexing agent is solid 
sulfamic acid. Bromine reacts with sulfamic acid to form a 
bromo-derivative and co-produces an additional amount of 
hydrogen bromide as illustrated by reaction (13). 

Bi 2 +NH 2 — S0 3 H->[Br][NH— S0 3 H]+HBi ' (13) 

The amount of sulfamic acid added depends on the 
amount of aqueous hydrogen bromide originally present. A 
mole ratio of about 0.75:1 to about 1.5:1 sulfamic acid to 
aqueous hydrogen bromide is advantageous to the stability 45 
of the final product, with about 0.95:1 to about 1.2:1 being 
the most preferred mole ratio range. 

d. Adding an alkaline source to the reaction medium to 
adjust its pH to between about 0.5 and about 9 and prefer- 
ably between about 1.0 and about 4.5. 50 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium J5 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution g0 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° F. The purpose is to deprotonate the 
bromo derivative of sulfamic acid to form the bromo deriva- 
tive of sodium sulfamate according to reaction (14). 65 

fBr][NH—S0 3 H]+NaOH-»[Br][NH— S<V][Na-]+ 

H 2 0 (14) 
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e. Introducing sufficient solid, organic halogenating agent 
to oxidize all or substantially all of the remaining bromide 

Solid organic halogenating agents include any organic 
compound in which one or more halogen atoms such as CI, 
Br, or I is present in oxidation state +1 and is covalently 
bound to a nitrogen or phosphorus atom within the same 
molecule. Suitable examples include, but are not limited to, 
trichloroisocyanuric acid (TCCA), sodium dichloroisocya- 
nurate (NaDCC), sodium dichloroisocyanurate dihydrate 
(NaDCC.2H 2 0), potassium dichloroisocyanurate (KDCC), 
dichloroisocyanuric acid (DCCA), trichloromelamine, 
N-chloro-p-loluenesulfonamide, N-chloromethanesulfona- 
mide, N-crdorosuccinimide, N,N'-l,3-bromochloro-5,5- 
dimethylhydantoin, N,N-1 ,3-bromochloro-5-ethyl-5-meth- 
ylhydantoin, l,3-dibromo-5,5-dimethylhydantoin, 1,3- 
dichloro-5,5-dimethylhydantoin, and N-bromosuccinimide. 
A particularly preferred source of a solid, organic haloge- 
nating agent is trichloroisocyanuric acid (TCCA), which 
reacts with aqueous hydrogen bromide and unreacted sul- 
famic acid according to the following equation. 

NH 2 — S0 3 H+HBr+TCCA-»[Br][NH — S0 3 H]+C1~+ 

Cyanuric acid (15) 

Preferably TCCA is used in the form of a coarse granular 
grade of material for ease of introduction to the stirred, 
cooled reactor. As the TCCA reacts, the coarse granules 
disappear. The reaction is considered to be complete when 
no more coarse granules are evident. Although granular 
TCCA is favored because of its easy handling characteris- 
tics, and for providing a visual signal that the reaction is 
complete, TCCA powdered wetcake may also be employed. 
The advantage of using TCCA powdered wetcake is that it 
may be taken directly from the TCCA-producing reactors to 
eliminate costs associated with drying and granulation of the 
material. 

f. Removing any insoluble reaction by-products with a 
conventional solid-liquid separation technique. 

Any suitable solid-liquid separation technique can be 
employed. Suitable examples include, but are not limited to, 
centrifugation, clarification, gravity sedimentation, and 
vacuum filtration. Filtration is a particularly preferred tech- 
nique for effecting solid-liquid separation. When the solid 
organic halogenating agent is TCCA, cyanuric acid (CA) is 
a reaction by-product that is insoluble in the reaction 
medium (see reaction (15)). Filtration of the CA residue is 
carried out at pH 1-9, but preferably at pH 1.5-4.5 to 
maximize its recovery from solution and minimize the 
amount of bromine vapor that fumes from the reaction 
medium. Upon washing the filtercake with water to remove 
the mother liquors, a highly pure CA wetcake is recovered. 
This can be recycled to other processes in order to make 
additional quantities of TCCA, NaDCC, or NaDCC.2II 2 0 
that can be used in the method of the current invention. 

If desired, this step can be modified so that the sodium salt 
of cyanuric acid is recovered from the reaction medium 
instead of cyanuric acid. This is accomplished by introduc- 
ing, before performing the solid-liquid separation, sufficient 
50% NaOH to react with cyanuric acid according to the 
following equation: 

CA+NaOH^NaCA+H 2 0 (16) 

The amount of 50% sodium hydroxide solution employed 
depends on the amount of solid organic halogenating agent 
used in step (e) that is introduced to oxidize all or substan- 
tially all of the remaining bromide ions into bromine. When 
TCCA is the solid organic halogenating agent, sufficient 
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50% NaOH solution is introduced slowly with mixing and 
cooling to convert all or substantially all of the cyanuric acid 
liberated in equation (15) into its monosodium salt via 
reaction (16). Monosodium cyanurate is insoluble in the 
reaction medium at pH<9. As is true of cyanuric acid, 5 
monosodium cyanurate can be separated and recycled to 
other processes in order to make additional quantities of 
TCCA, NaDCC, or NaDCC.2H 2 0 that can be used in the 
method of the current invention. This is accomplished by 
performing a solid-liquid separation, as described above, 10 
which is done when the pH stabilizes at about 9. 

g. Adding an alkaline source to the reaction mother 
liquors such that if the alkaline source is a hydroxide salt, the 
overall mole ratio of aqueous hydrogen bromide to hydrox- 
ide is between about 1:2 and about 1:5, preferably between 15 
about 1 :3 and about 1 :4. This does not include any hydroxide 
salt that may be used to convert cyanuric acid into its alkali 
metal or earth alkali metal salt as described in step (f). 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 20 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 25 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° F. The purpose is to deprotonate the w 
bromo derivative of sulfamic acid to form the bromo deriva- 
tive of sodium sulfamate according to reaction (17). 

[Br][NH — S0 3 H]+NaOH-»[Br)[NH — S0 3 ~][Na + ]+ 

H 2 0 (17) 

The amount of 50% NaOH solution employed depends on 35 
the initial charge of aqueous hydrogen bromide. The overall 
mole ratio of aqueous hydrogen bromide to NaOH added in 
steps (d) and (g) is in the range of about 1:2 and about 1:5, 
preferably about 1:3 to about 1:4. This does not include any 4Q 
50% NaOH solution that may be used to convert cyanuric 
acid into its monosodium salt as described in step (f). 

h. Removing any further insoluble residues that develop 
with a conventional solid-liquid separation technique. 

As noted above, any suitable solid-liquid separation tech- 
nique may be employed. Generally, when TCCA is the 5 
halogenating agent, almost 90% of CA reaction by-product 
is recovered as a highly pure wetcake in the first solid-liquid 
separation step described in step (f). While not wishing to be 
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bound by theory, it is believed that salts of cyanuric acid are 
precipitated from the reaction mother liquors upon the 
addition of alkaline sources. When the alkaline source is, for 
example, 50% sodium hydroxide solution, the mono-, di-, 
and trisodium salts of cyanuric acid are precipitated. 
Although insoluble in the reaction mother liquors, the di and 
trisodium salts display exceptional solubility in ordinary 
water and are thus useful water treating agents in their own 
right. However, in comparison to the amount of solids 
recovered in step (f), the amount of solid that may subse- 
quently develop is relatively low and step (h) may require 
only a polishing solid-liquid separation, with, for example, 
a cartridge filter. Moreover, the two solid-liquid separation 
steps of (f) and (h) may be combined into a single operation 
performed only at step (f). 

EXAMPLES 2-8 



To a stirred reaction flask containing 48% hydrogen 
bromide (27.8 g) was added 50% H 2 0 2 (4.26 g) dropwise so 
that the reaction flask temperature did not exceed 142° F. 
After allowing the reaction flask to cool to around 95° F., 
solid sulfamic acid (19.2 g) was introduced. The resulting 
slurry was stirred as 50% sodium hydroxide solution was 
charged to the reaction flask to give a pH of between 1 and 
10. The flask was chilled during this process so that the 
temperature did not exceed 80-90° F. A single charge of 
granular trichloroisocyanuric acid (8.8 1 g) was introduced to 
the reaction flask and stirred for 10-15 minutes or until all 
the coarse granules were observed to have reacted and a fine 
powdery precipitate developed. The solid was removed by 
vacuum filtration and the filter cake was washed with 
deionized water that was combined with the mother liquors. 
A second charge of 50% NaOH was then introduced also 
with cooling, and stirring at a rate such that the temperature 
did not exceed 80-90° F. Any additional precipitate that 
developed was immediately removed by vacuum filtration or 
the reaction flask was allowed to stand overnight and then 
filtered. In each case, the filter cake was washed with 
deionized water that was combined with the mother liquors. 
Iodometric titration of the resulting golden yellow solutions 
was used to determine the weight % Br 2 (or Cl 2 ) contents. 
The theoretical amounts of Br 2 (or Cl 2 equivalent) produced 
as a function of the sum of the hydrogen peroxide and TCCA 
charges were then used to compute the % yield of each 



Initial pH Second wash 

50% before 50% water to 

NaOH TCCA NaOH mother 

Example charge/g addition charge/g liquors 



inlpH Br 2 (Cl 2 ) % Yj 
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TABLE II-continued 



(9.94) 
(9.76) 



•prior to TCCA addition, the pH was readjusted to 2.4 by addition of a little sulfamic acid. 

"the TCCA was substituted with 14.5 g sodium dichloroisocyanurate dihydrate (NaDCC.2H 2 0) in th. 



EXAMPLE 9 

This example represents a four-fold scale-up of the reac- 
tions described in examples 2-8. 

To a stirred reaction flask containing 48% hydrogen 
bromide (111.2 g) was added 50% H 2 0 2 (16.96 g) dropwise 
so that the reaction flask temperature did not exceed 142° F. 
After allowing the reaction flask to cool to around 85° F., 
solid sulfamic acid (76.8 g) was introduced. The resulting 
slurry was stirred as 50% sodium hydroxide solution (91.9 
g) was charged to the reaction flask to give a pH of 1 .5. The 
flask was chilled during this process so that the temperature 
did not exceed 80-90° F. A single charge of granular 
trichloroisocyanuric acid (TCCA) (36.0 g) was introduced to 
the reaction flask that was stirred for 20 minutes. Most of the 
coarse TCCA granules were observed to have reacted within 
this period, as a fine powdery precipitate developed and the 
pH of the reaction medium was measured to be 1.5. Deion- 
ized water (28 g) was added to the reaction flask to facilitate 
the complete reaction of the TCCA. The cyanuric acid solid 
was removed by vacuum filtration and the filter cake was 
washed with deionized water (12.5 ml) that was not com- 
bined with the mother liquors. The wet filter cake was placed 
in an oven at 130° F. for drying overnight. To the filtration 
mother liquors was added 50% NaOH (104 g), also with 
cooling, and at a rate such that the temperature did not 
exceed 80-90° F. Any additional solid cyanurate salts that 
developed were removed by vacuum filtration. The solids 
retained on the filter were washed with deionized water (5.0 
g) and then dried in an oven at 130° F. Iodometric titration 
of the resultant golden yellow solution yielded a % Br 2 
content of 23.7% (or 10.54% as Cl 2 ). The theoretical amount 
of Br 2 (or Cl 2 equivalent) produced as a function of the sum 
of the hydrogen peroxide and TCCA charges was used to 
compute a reaction yield of 93.6%. The weight of the dried 
solids removed by filtration indicated that cyanuric acid and 
cyanurate salts were recovered in close to quantitative yield. 

3. The Method of Preparing an All-Bromine Composition 
Using Hydrogen Peroxide and a Solid Inorganic Halogenat- 
ing Agent 

The method preferably includes the following steps. Steps 
(a), (b), and (c) may be performed in any order, or simul- 
taneously, followed by the remaining steps. 

a. Utilizing an aqueous solution of bromide ions in which 
the pH is less than +1. 

The first step of this method is conducted under condi- 
tions of extreme acidity, preferably at a pH which is greater 
than -1 and less than +1 . Any acidified source of bromide 
ions can be employed in the practice of this invention, for 
example, an aqueous solution of sodium bromide acidified 



with a strong mineral acid such as hydrochloric or nitric 
acid. However, aqueous hydrogen bromide is a preferred 
20 starting material and can be used at any concentration up to 
about 70% by weight, although 48% is especially conve- 
nient to use, as this is the concentration at which the product 
does not appreciably fume HBr vapors. 

b. Introducing to the highly acidic solution of bromide 
25 ions, a highly concentrated solution of hydrogen peroxide to 

effect a partial or complete oxidation of the bromide ions 
into bromine. 

2HBr(aq)+H 2 0 2 —Br 2 +2H 2 0 (18) 

30 Strong solutions of hydrogen peroxide are preferably 
introduced to the 48% aqueous hydrogen bromide solution, 
although the order of addition can be changed without 
appreciably effecting the reaction. Hydrogen peroxide is 
commercially available at concentrations up to 90%, but 

35 50% hydrogen peroxide is safer to use and is more com- 
monly available. Preferably, 50% hydrogen peroxide is 
added slowly and with agitation to a solution of 48% 
aqueous hydrogen bromide which has a pH -0.78. The 
amount of 50% hydrogen peroxide added to the 48% aque- 
ous hydrogen bromide solution should be sufficient to oxi- 
dize between 10% and 100% of the stoichiometric amount, 
and most preferably between 20% and 80% of the stoichio- 
metric amount of bromide ions into bromine. The oxidation 
of aqueous hydrogen bromide with hydrogen peroxide is an 
exothermic reaction. Heat removal is effected by conducting 
the reaction at the refluxing temperature of the reaction 
mixture using a condenser to facilitate the heat removal 
process. Alternatively, cooling is effected with a jacketed 
reactor. The reaction time and temperature are controlled in 
order to maximize the conversion of bromide into bromine 
and minimize the amount of unreacted hydrogen peroxide 
remaining in the reaction medium. 

c. Mixing a complexing agent to the fully or partially 
55 oxidized solution. 

On allowing the highly acidic, bromine-laden reaction 
mixture to cool, a complexing agent is introduced to the 
same reactor. Preferably the complexing agent is solid 
sulfamic acid. Bromine reacts with sulfamic acid to form a 
60 bromo-derivative and co-produces an additional amount of 
hydrogen bromide as illustrated by reaction (19). 

Br 2 +NH 2 — S0 3 H-»[Br][NH — S0 3 H]+HBr (19) 

The amount of sulfamic acid added depends on the 
65 amount of aqueous hydrogen bromide originally present. A 
mole ratio of about 0.75:1 to about 1.5:1 sulfamic acid to 
aqueous hydrogen bromide is advantageous to the stability 
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of the final product, with about 0.95:1 to about 1.2:1 being 
the most preferred mole ratio range. 

d. Adding an alkaline source to the reaction mother 
liquors such that if the alkaline source is a hydroxide salt, the 
overall mole ratio of aqueous hydrogen bromide to hydrox- 5 
ide is between about 0.5:1 and about 1:2, preferably between 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When lo 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 15 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° R The purpose is to deprotonate the 
bromo derivative of sulfamic acid to form the bromo deriva- 20 
live of sodium sulfamate according to reaction (20). 



20 



Br] [NH — S0 3 H]+NaOH-*[Br3 [NH — S0 3 *] [Na + ] 
H 2 0 



(20) 



e. Introducing sufficient solid, inorganic halogenating 2 5 
agent to oxidize all or substantially all of the remaining 
bromide ions into bromine. 

Solid inorganic halogenating agents include, but are not 
limited to, alkali metal and earth alkali metal hypochlorite 
salts. Suitable examples include lithium hypochlorite, cal- 30 
cium hypochlorite, and magnesium hypochlorite. Due to its 
low cost and high available chlorine content, calcium 
hypochlorite is particularly preferred. The higher strength 
granular forms of the product (containing 65-75% available 
chlorine) are most preferred. 35 

Under such strongly acidic conditions (pH between about 
-1 and about 5), the oxidation reaction written at reaction 
(21) is virtually instantaneous and proceeds to completion in 
a short time. 



The calcium hypochlorite is preferably added 1 
reactor rapidly and with good mixing in order to n ' 
loss of bromine vapors from the reaction medium but not too 4 
quickly such that phase separation of elemental bromine 
becomes apparent at the bottom of the reactor. The granular 
form of solid calcium hypochlorite facilitates the transfer of 
the product into the reaction vessel. As it reacts, the coarse 
granules disappear, and the reaction is considered to be 5 
complete when no more coarse granules are evident. When 
this occurs, all the sulfamic acid has reacted to yield a 
bromo-sulfamic acid complex. 

f. Removing any insoluble reaction by-products with a 
conventional solid-liquid separation technique. 5 

Any suitable solid-liquid separation technique can be 
employed. Suitable examples include, but are not limited to, 
centrifugation, clarification, gravity sedimentation, and 
vacuum filtration. Filtration is a particularly preferred tech- 
nique for effecting solid-liquid separation. When the solid 6 
inorganic halogenating agent is calcium hypochlorite, 
insoluble reaction by-products include calcium carbonate, 
lime, and quicklime. Filtration of the reaction medium is 
carried out at pH 1-9, but preferably at about pH 4-8 to 
mitigate the problem of C0 2 gas being liberated from 6 
calcium carbonate and also minimize the amount of bromine 
vapor that is emitted from the reaction medium. 



g. Adding an alkaline source to the reaction mother 
liquors such that if the alkaline source is a hydroxide salt, the 
overall mole ratio of aqueous hydrogen bromide to hydrox- 
ide is between about 1:2 and about 1:4, preferably between 
about 1:3 and about 1:4. 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° F. The purpose is to deprotonate the 
bromo derivative of sulfamic acid to form the bromo deriva- 
tive of sodium sulfamate according to reaction (22). 

[Br] [NH — S0 3 H]+NaOH-* [Br] [NH-^0 3 "] [Na + ]+ 

H 2 Q (22) 

The amount of 50% NaOH solution employed depends on 
the initial charge of aqueous hydrogen bromide. The overall 
mole ratio of aqueous hydrogen bromide to NaOH added in 
steps (d) and (g) is in the range of about 1:2 to about 1:4, 
preferably about 1:3 to about 1:4. 

EXAMPLES 10-11 

A general procedure for preparing the liquid stabilized 
bromine concentrates listed in Table III is as follows: 

To a stirred reaction flask containing 48% HBr, the 
appropriate amount of 50% hydrogen peroxide was added 
drop-wise at a rate such that the temperature did not exceed 
142° F. After allowing the reaction flask to cool to around 
95° F., solid sulfamic acid was introduced. The resulting 
slurry was stirred as the appropriate amount of 50% NaOH 
solution was charged to the reaction flask that was cooled so 
the temperature did not exceed 85° F. Thereafter, the correct 
amount of granular calcium hypochlorite (59.5% available 
chlorine) was introduced, also with stirring. Upon filtration 
of insolubles, sufficient 50% NaOH and solid NaOH was 
slowly introduced so that the overall mole ratio of aqueous 
hydrogen bromide to hydroxide was 1:3. During the addi- 
tion, the reaction flask was cooled on ice so that the 
temperature of the contents did not exceed 80- 90° F. Iodo- 
metric titration of the resultant golden yellow solutions was 
used to determine the weight % Br 2 (or Cl 2 ) contents. The 
theoretical amounts of Br 2 (or Cl 2 equivalent) produced as a 
function of the sum of the hydrogen peroxide and calcium 
hypochlorite charges were then used to compute the % yield 
of each reaction. 
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TABLE Ill-continued 



Mass Ca(OCi) 2 NaOH/g V 
sulfamic (59.5% (1) 1" ai 
acid/g av. Cl 2 )/g (2) 2° d (( 



same reactor. Preferably the complexing agent is solid 
sulfamic acid. Bromine reacts with sulfamic acid to form a 
bromo-derivative and co-produces an additional amount of 
hydrogen bromide as illustrated by reaction (24). 



3 3 H— [Br] [NH — S0 3 H]+HBr 



(24) 



4. The Method of Preparing a Mixed Halogen Composi- 
tion Using a Solid Organic Chlorinating Agent 

The method preferably includes the following steps. Steps 
(a), (b), and (c) may be performed in any order, or simul- 
taneously, followed by the remaining steps. 

a. Utilizing an aqueous solution of bromide ions in which 
the pH is less than +1. 

The first step of this method is conducted under condi- 
tions of extreme acidity, preferably at a pH which is greater 
than -1 and less than +1. Any acidified source of bromide 
ions can be employed in the practice of this invention, for 
example, an aqueous solution of sodium bromide acidified 
with a strong mineral acid such as hydrochloric or nitric 
acid. However, aqueous hydrogen bromide is a preferred 
starting material and can be used at any concentration up to 
70% by weight, although 48% is especially convenient to 
use as this is the concentration at which the product does not 
appreciably fume HBr vapors. 

b. Introducing to the highly acidic solution of bromide 
ions, a highly concentrated solution of hydrogen peroxide to 
effect a partial or complete oxidation of the bromide ions 
into bromine. 

2HBr(aq)+H 2 0 2 -»Br 2 +2H 2 0 (23) 

Strong solutions of hydrogen peroxide are preferably 
introduced to the 48% aqueous hydrogen bromide solution, 
although the order of addition can be changed without 
appreciably effecting the reaction. Hydrogen peroxide is 
commercially available at concentrations up to 90%, but 
50% hydrogen peroxide is safer to use and is more com- 
monly available. Preferably, 50% hydrogen peroxide is 
added slowly and with stirring to a solution of 48% aqueous 
hydrogen bromide calculated to have a pH of -0.78. The 
amount of 50% hydrogen peroxide added to the 48% aque- 
ous hydrogen bromide solution should be sufficient to oxi- 
dize between 10% and 100% of the stoichiometric amount 
and, most preferably, between 20% and 80% of the stoichio- 
metric amount of bromide ions into bromine. The oxidation 
of aqueous hydrogen bromide with hydrogen peroxide is an 
exothermic reaction. Heat removal is effected by conducting 
the reaction at the refluxing temperature of the reaction 
medium using a condenser to facilitate the heat removal 
process. Alternatively, cooling is effected with a jacketed 
reactor. The reaction time and temperature are controlled in 
order to maximize the conversion of bromide into bromine 
and mi nim ize the amount of unreacted hydrogen peroxide 
remaining in the reaction medium. 

When hydrogen peroxide is used in this fashion, all of the 
Br moieties introduced to the reactor as hydrobromic acid 
materialize as active bromine in the final product. None are 
wasted as by-product bromide ion salts. 

c. Mixing a complexing agent to the fully or partially 
oxidized solution. 

On allowing the highly acidic, bromine-laden reaction 
mixture to cool, a complexing agent is introduced to the 



The amount of sulfamic acid added depends on the 
amount total halogen required in the final product. A mole 

10 ratio of about 0.75:1 to about 1.5:1 sulfamic acid to total 
halogen is advantageous to the stability of the final product, 
with about 0.95:1 to about 1.2:1 being the most preferred 
mole ratio range. 

15 d. Adding an alkaline source to the reaction medium to 
adjust its pH to between about 0.5 and about 9 and prefer- 
ably between about 1.0 and about 4.5. 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 

20 carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 

25 problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 

30 does not exceed 80° F. The purpose is to deprotonate the 
bromo derivative of sulfamic acid to form the bromo deriva- 
tive of sodium sulfamate according to reaction (25). 

[Br][NH — S0 3 H]+NaOH-*[Br][NH — S0 3 ~][Na + ]+ 

H 2 0 (25) 

35 

e. Introducing sufficient solid, organic chlorinating agent 
to complete the oxidation of the bromide ions into bromine 
(if the solution is only partially oxidized in step (b)), and to 
release soluble chlorine into the solution by complexing 

40 with sulfamic acid. 

The molar equivalent of the combination of hydrogen 
peroxide added in step (b) and solid chlorinating agent 
should be in excess of the molar equivalent of bromide ions 
added in step (a). Employing a 10% molar excess of the 

45 combination of hydrogen peroxide and solid organic chlo- 
rinating agent over the bromide ions, yields a mixed halogen 
composition of 90 mole % bromine and 10 mole % chlorine. 
Solid organic chlorinating agents include any organic 

50 compound in which the chlorine atom is in oxidation state 
4-1 and is covalently bound to a nitrogen or phosphorus atom 
within the same molecule. Suitable examples include, but 
are not limited to, trichloroisocyanuric acid (TCCA), sodium 
dichloroisocyanurate (NaDCC), sodium dichloroisocyanu- 

55 rate dihydrate (NaDCC.2H 2 0), potassium dichloroisocya- 
nurate (KDCC), dichloroisocyanuric acid (DCCA), trichlo- 
romelamine, N-chloro-p-toluenesulfonamide, 
N-chloromethanesulfonamide, N-chlorosucciriimide, N,N- 
l,3-bromochloro-5,5-dimethylhydantoin, N,N'-l,3-bromo- 

60 chloro-5-ethyl-5-methylhydantoin, and l,3-dichloro-5,5- 
dimethylhydantoin. A particularly preferred source of a 
solid, organic chlorinating agent is trichloroisocyanuric acid 
(TCCA). In completing the oxidation of hydrogen bromide 

6S solution, TCCA reacts according to the following equation. 

NH 2 — S0 3 H+HBr+TCCA— > [Br] [NH — S0 3 H]+C1~+ 
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In releasing soluble chlorine into the aqueous solution by 
complexing with sulfamic acid, it reacts according to equa- 



Cyamiric A< 



— H+TCCA-»fa][NH-S0 3 H]+H 2 O+ 



Preferably TCCA is used in the form of a coarse granular 
grade of material for ease of introduction to the stirred, 
cooled reactor. As the TCCA reacts, the coarse granules 
disappear. The reaction is considered to be complete when 1 
no more coarse granules are evident. Although granular 
TCCA is favored because of its easy handling characteris- 
tics, and for providing a visual signal that the reaction is 
complete, TCCA powdered wetcake may also be employed. 
The advantage of using TCCA powdered wetcake is that it 1 
may be taken directly from the TCCA-producing reactors to 
eliminate costs associated with drying and granulation of the 
material. 

f. Removing any insoluble reaction by-products with a 
conventional solid-liquid separation technique. : 

Any suitable solid-liquid separation technique can be 
employed. Suitable examples include, but are not limited to, 
centrifugation, clarification, gravity sedimentation, and 
vacuum filtration. Filtration is a particularly preferred tech- 
nique for effecting solid-liquid separation. When the solid ' 
organic chlorinating agent is TCCA, cyanuric acid (CA) is 
a reaction by-product that is insoluble in the reaction 
medium (see reactions (26) and (27)). Filtration of the 
cyanuric acid residue is carried out at pH 1-9, but preferably 
at pH 1 .5—4.5 to maximize CA recovery from solution and ; 
minimize the amount of bromine vapor that fumes from the 
reaction medium. Upon washing the filtercake with water to 
remove the mother liquors, a highly pure CA wetcake is 
recovered. This can be recycled to other processes in order 
to make additional quantities of TCCA, NaDCC, or 3j 
NaDCC.2H 2 0 that can be used in the method of the current 
invention. 

If desired, this step can be modified so that the sodium salt 
of cyanuric acid is recovered from the reaction medium 
instead of cyanuric acid. This is accomplished by introduc- 40 
ing, before performing the solid-liquid separation, sufficient 
50% NaOH to react with cyanuric acid according to the 
following equation: 

CA+NaOH^NaCA+H 2 0 (28) 45 

The amount of 50% sodium hydroxide solution employed 
depends on the amount of solid organic chlorinating agent 
used in step (e) that is introduced to oxidize all or substan- 
tially all of the remaining bromide ions into bromine, and to 50 
release soluble chlorine into the aqueous solution by com- 
plexing with sulfamic acid, When TCCA is the solid organic 
chlorinating agent, sufficient 50% NaOH solution is intro- 
duced slowly with mixing and cooling to convert all or 
substantially all of the cyanuric acid liberated in reactions 55 
(26) and (27) into its monosodium salt via reaction (28). 
Monosodium cyanurate is insoluble in the reaction medium 
at pH<9. As is true of cyanuric acid, monosodium cyanurate 
can be separated and recycled to other processes in order to 
make additional quantities of TCCA, NaDCC, or so 
NaDCC.2H 2 0 that can be used in the method of the current 
u. This is accompanied by performing a solid-liquid 
>n, as described above, which is done when the pH 
stabilizes at about 9. 

g. Adding an alkaline source to the reaction mother 65 
liquors such that if the alkaline source is a hydroxide salt, the 
mole ratio of chlorine that is equivalent to the combination 



of hydrogen peroxide and solid organic chlorinating agent to 
the hydroxide added in steps (d) and (g) is between about 1 :2 
and about 1:5, preferably between about 1:3 and about 1:4. 
This does not include any hydroxide salt that may be used 
to convert cyanuric acid into its alkali metal or earth alkali 
metal salt as described in step (f). 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° F. The purpose is to deprotonate the 
halo derivatives of sulfamic acid to form the halo derivatives 
of sodium sulfamate according to reaction (29). 

tX][NH— S0 3 H]+NaOH-^[X][NH— SCVUNa^ 

X=Br and CI 

The amount of 50% NaOH solution depends on the 
amount of hydrogen peroxide and solid organic chlorinating 
agent employed. The overall mole ratio of chlorine that is 
equivalent to the combination of hydrogen peroxide and 
solid organic chlorinating agent to the hydroxide added in 
steps (d) and (g) is between about 1:2 and about 1:5, 
preferably between about 1:3 and about 1:4. This does not 
include any 50% NaOH solution that may be used to convert 
cyanuric acid into its monosodium salt as described in step 



h. Removing any further insoluble residues that develop 
with a conventional solid-liquid separation technique. 

As noted above, any suitable solid-liquid separation tech- 
nique may be employed. Generally, when TCCA is the 
chlorinating agent, almost 90% of CA reaction by-product is 
recovered as a highly pure wetcake in the first solid-liquid 
separation described in step (I). While not wishing to be 
bound by theory, it is believed that salts of cyanuric acid are 
precipitated from the reaction mother liquors upon the 
addition of alkaline sources. When the alkaline source is, for 
example, 50% sodium hydroxide solution, the mono-, di-, 
and trisodium salts of cyanuric acid are precipitated. 
Although insoluble in the reaction mother liquors, the di and 
trisodium salts display exceptional solubility in ordinary 
water and are thus useful water treating agents in their own 
right. However, in comparison to the amount of solids 
recovered in step (f). the amount of solid that may subse- 
quently develop is relatively low and step (h) may require 
only a polishing solid-liquid separation, with, for example, 
a cartridge filter. Moreover, the two solid-liquid separation 
steps of (f) and (h) may be combined into a single operation 
performed only at step (f). 

5. The Method of Preparing a Mixed Halogen C 
tion Using a Solid Inorganic Chlorinating Agent 

The method preferably includes the following steps. Steps 
(a), (b), and (c) may be performed in any order, or simul- 
taneously, followed by the remaining steps. 

a. Utilizing an aqueous solution of bromide ions in which 
the pH is less than +1. 

The first step of this method is conducted under condi- 
tions of extreme acidity, preferably at a pH which is greater 
than -1 and less than +1. Any acidified source of bromide 
ions can be employed in the practice of this invention, for 
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example, an aqueous solution of sodium bromide acidified line source is 50% NaOH solution. To prevent storage 

with a strong mineral acid such as hydrochloric or nitric problems in cold climates, 50% NaOH solution may be 

acid. However, aqueous hydrogen bromide is a preferred diluted with water and used. The sodium hydroxide solution 

starting material and can be used at any concentration up to is introduced to the reaction medium slowly, and with 

70% by weight, although 48% is especially convenient to 5 stirring and cooling such that the temperature preferably 

use as this is the concentration at which the product does not does not exceed 80° F. The purpose is to deprotonate the 

appreciably fume HBr vapors. bromo derivative of sulfamic acid to form the bromo deriva- 

b. Introducing to the highly acidic solution of bromide tive of sodium sulfamate according to reaction (32). 
ions, a highly concentrated solution of hydrogen peroxide to 

effect a partial or complete oxidation of the bromide ions to Pr][NH- S 03H ]+ KaOH^ [ Br] [ NH- S o 3 - ][ Na + ]H 
into bromine. 



(32) 

,„„ , , , - Introducing sufficient solid, inorganic chlorinating 

2HBr(aq) + H 2 0 2 ^Br 2+ 2H 2 0 (30) agent to complete {he ^fawn of ^ bromide j ons ^ 

Strong solutions of hydrogen peroxide are preferably bromine (if the solution is only partially oxidized in step 

introduced to the 48% aqueous hydrogen bromide solution, 15 0 3 ))' 311(1 to release soluble chlorine into the solution by 

although the order of addition can be changed without complexing with sulfamic acid. 

appreciably effecting the reaction. Hydrogen peroxide is Th e molar equivalent of the combination of hydrogen 

commercially available at concentrations up to 90%, but peroxide added in step (b) and solid chlorinating agent 

50% hydrogen peroxide is safer to use and is more com- should be in excess of the molar equivalent of bromide ions 

monly available. Preferably, 50% hydrogen peroxide is 2 o addcd m ste P ( a )- Employing a 10% molar excess of the 

added slowly and with stirring to a solution of 48% aqueous combination of hydrogen peroxide and solid inorganic chlo- 

hydrogen bromide calculated to have a pH of -0.78. The rinating agent over the bromide ions, yields a mixed halogen 

amount of 50% hydrogen peroxide added to the 48% aque- composition of 90 mole % bromine and 1 0 mole % chlorine, 

ous hydrogen bromide solution should be sufficient to oxi- Son <l inorganic chlorinating agents include, but are not 

dize between 10% and 100% of the stoichiometric amount 2 5 limited to, alkali metal and earth alkali metal hypochlorite 

and, most preferably, between 20% and 80% of the stoichio- salts - Suitable examples include lithium hypochlorite, cal- 

metric amount of bromide ions into bromine. The oxidation c'nxm hypochlorite, and magnesium hypochlorite. Due to its 

of aqueous hydrogen bromide with hydrogen peroxide is an l° w cost and high available chlorine content, calcium 

exothermic reaction. Heat removal is effected by conducting hypochlorite is particularly preferred. The higher strength 

the reaction at the refluxing temperature of the reaction 30 granular forms of the product (containing 65-75% available 

medium using a condenser to facilitate the heat removal chlorine) are most preferred. 

process. Alternatively, cooling is effected with a jacketed 1° completing the oxidation of hydrogen bromide solu- 

reactor. The reaction time and temperature are controlled in tion, Ca(OCl) 2 reacts according to the following equation, 
order to maximize the conversion of bromide into bromine 



NH 2 S0 3 H+2HBr+Ca(OCl) 2 — [Br][NH— S0 3 H]+ 

— ™ of unreacted hydrogen peroxide 35 CaCl 2 +H 2 o (33) 
remaining in the reaction medium. 

When hydrogen peroxide is used in this fashion, all of the Under such strongly acidic conditions (pH between about -1 

Br moieties introduced to the reactor as hydrobromic acid an d about 5), the oxidation reaction written at reaction (33) 

can materialize as active bromine in the final product. None ls virtually instantaneous and proceeds to completion in a 

are wasted as by-product bromide ion salts. 40 sn °rt time. 

c. Mixing a complexing agent to the fully or partially In releasing soluble chlorine into the aqueous solution by 
oxidized solution. complexing with sulfamic acid, calcium hypochlorite reacts 

On allowing the highly acidic, bromine-laden reaction according to equation (34). 

mixture to cool, a complexing agent is introduced to the NH 2 ^o 3 -H+Ca(ocl) 2 -[ci][HN-so 3 H]+H 2 o (34) 
same reactor. Preferably the complexing agent is solid 45 

sulfamic acid. Bromine reacts with sulfamic acid to form a The calcium hypochlorite is preferably added to the reactor 

bromo-derivative and co-produces an additional amount of rapidly and with good mixing in order to minimis loss of 

hydrogen bromide as illustrated by reaction (31). bromine vapors from the reaction medium but not too 

Br 2 +NH 2 — so 3 H-*[Br][NH — so 3 H]+HBr (31) quickly such that phase separation of elemental bromine 

. so becomes apparent at the bottom of the reactor. The granular 

The amount of sulfamic acid added depends on the form of solid calcium hypochlorite facilitates the transfer of 

amount total halogen required in the final product. A mole the product into the reaction vessel. As it reacts the coarse 

ratio of about 0.75:1 to about 1.5:1 sulfamic acid to total granules disappear, and the reaction is considered to be 

halogen is advantageous to the stability of the final product, complete when no more coarse granules are evident. When 

with about 0.95:1 to about 1.2:1 being the most preferred 55 this occurs, all the sulfamic acid has reacted to yield mixed 

mole ratio range. halogen-sulfamic acid complexes. 

d. Adding an alkaline source to the reaction mother f. Removing any insoluble reaction by-products with a 
liquors such that if the alkaline source is a hydroxide salt, the conventional solid-liquid separation technique. 

overall mole ratio of aqueous hydrogen bromide to hydrox- Any suitable solid-liquid separation technique can be 

ide is between about 0.5:1 and about 1:2, preferably about 60 employed. Suitable examples include, but are not limited to, 

centrifugation, clarification, gravity sedimentation, and 

Any alkaline source may be employed. Examples include, vacuum filtration. Filtration is a particularly preferred tech- 

but are not limited to, alkali metal or earth alkali metal nique for effecting solid-liquid separation. When the solid 

carbonates, bicarbonates, oxides, and hydroxides. When inorganic chlorinating agent is calcium hypochlorite, 

solutions are preferred, sodium hydroxide or potassium 65 insoluble reaction by-products include calcium carbonate' 

hydroxide solutions are convenient to use, alone or in lime, and quicklime. Filtration of the reaction medium is 

combination with each other. A particularly preferred alka- carried out at pH 1-9, but preferably at about pH 4-8 to 
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mitigate the problem of C0 2 gas being liberated from 
calcium carbonate and also minimize the amount of bromine 
vapor that is emitted from the reaction medium. 

g. Adding an alkaline source to the reaction mother 
liquors such that if the alkaline source is a hydroxide salt, the 
mole ratio of chlorine that is equivalent to the combination 
of hydrogen peroxide and solid inorganic chlorinating agent 
to the hydroxide added in steps (d) and (g) is between about 
1:2 and about 1:5, preferably between about 1:3 and about 
1:4. 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 
does not exceed 80° F. The purpose is to deprotonate the 
halo derivatives of sulfamic acid to form the halo derivatives 
of sodium sulfamate according to reaction (35). 

|X][NH— S0 3 H]+NaOH-«rx][NH-S03"][Na + ]+ 

H 2 0 (35 ) 

X=Br and CI 

The Third Embodiment 

This embodiment is a method of preparing a concentrated 
liquid bromine-containing biocide composition using a solu- 
tion of bromide ions and a solid halogenating agent (either 
organic or inorganic). This golden-colored composition con- 
tains 60 80% more available bromine than solutions that are 
currently available commercially. Moreover, the aqueous 
composition contains the highest concentration of bromine 
hitherto reported in the prior art. Typically, the composition 
of this invention contains greater than 18% as Br, (8% as 

ci 2 ). 

This method of this embodiment may also be used to 
prepare a liquid mixed halogen composition that contains 
both bromine and chlorine. The method uses a source of 
bromide ions in conjunction with a molar excess of a solid 
chlorinating agent (either organic or inorganic). This light 
golden-colored composition contains 60-80% more avail- 
able halogen than the all -bromine solutions that are currently 
available commercially. Typically, the mixed halogen com- 
position prepared using this method contains a total halogen 
level of greater than 9.4% expressed as Cl 2 (21% expressed 
as Br 2 ) 

A major benefit of a mixed halogen biocide is in the 
treatment of contaminated water that exerts a considerable 
halogen demand. This chemical demand can be satisfied by 
the less expensive chlorine portion of the composition, 
permitting more of the bromine portion to be available for 
microbiological control. Mixed halogen compositions are 
also safer and more convenient to manufacture than those 
that are predominantly bromine based. For example, during 
the preparation of the latter, the solutions have a tendency to 
emit deep red, highly corrosive and toxic bromine fumes 
right up until the final addition of the alkaline source. These 
vapors must be scrubbed from the reaction vessel's head- 
space in order to eliminate atmospheric release, worker 
exposure, and to prevent the fumes from entering and 
damaging expensive vacuum processing equipment. By 
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contrast, the mixed halogen compositions emit hardly any 
deep red bromine fumes during their manufacture. Thus, the 
necessity for scrubbing the reaction vessel's headspace is 
eliminated. 

5 A further significant aspect of compositions based on 
mixtures of stabilized bromine and chlorine is that in water 
systems employing long contact times, there may be suffi- 
cient time for the N-chlorosulfamate to react with "spent" 
bromide ion and regenerate N-bromosulfamate according to 
10 the following schematic. 

[Br— NH— S0 3 -l rf 2 0=HOBr+NH 2 SO-f 

Upon performing biocidal and oxidative reactions, HOBr 
reverts to soluble bromide ion. This can enter into reaction 
15 with N-chlorosulfamate to generate additional N-bromo- 
sulfamate 

[Cl — NH — S0 3 ~]+Br~=[Br — NH — S0 3 ~]+C1~ 

20 In this way, the consumer is able to derive the performance 
benefits of 2 moles of N-bromosulfamate for the price of 1 
mole of N-bromosulfamate and 1 mole of N-chlorosulfa- 

As a general rule, chlorinated compounds display higher 
25 water solubility than their brominated counterparts. Further, 
a mixed halogen composition may be formulated to employ 
far less sodium bromide salt than an all-bromine solution. 
Thus, another highly advantageous facet of this invention is 
that it makes possible the formation of a mixed halogen 
30 composition that is lower in solids and is inherently more 
soluble than those based solely on bromine. This highly 
water-soluble composition exhibits improved physical sta- 
bility as it becomes less prone to solid precipitation on 
storage. 

3S The method preferably includes the following steps . Steps 
(a), (b), and (c) or steps (a), (b), and (d) may be performed 
in any order, or simultaneously, followed by the remaining 

a. Utilizing an alkali metal or earth alkali metal solution 
40 of bromide ions. 

Sources of alkali metal or earth alkali metal solutions of 
bromide ions include, but are not limited to, lithium bro- 
mide, sodium bromide, potassium bromide, calcium bro- 
mide, and magnesium bromide. A preferred source of bro- 
4 5 mide ion solution is sodium bromide solution, commonly 
available as a 40-46% aqueous solution, or it may be made 
into such a solution by dissolving solid sodium bromide salt 

b. Mixing a complexing agent to the bromide ion solution, 
so Preferably the complexing agent is sulfamic acid. The 

amount of sulfamic acid added depends on the amount of 
bromide ion originally present. A mole ratio of about 0.75: 1 
to about 1.5:1 sulfamic acid to sodium is advantageous to the 
stability ofthe final product with about 0.95:1 to about 1.2:1 
55 being the most preferred mole ratio range. 
The next step is either (c) or (d). 

c. Adding an alkaline source to the reaction medium to 
adjust its pH to between about 0.5 and about 9 and prefer- 
ably between about 1.0 and about 4.5, followed by intro- 

60 ducing sufficient solid, organic halogenating agent to oxidize 
all or substantially all of the bromide ions into bromine. 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
65 solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
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line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 5 
does not exceed 80° F. 

Solid organic halogenating agents include any organic 
compound in which one or more halogen atoms such as CI, 
Br, or 1 is present in oxidation state +1 and is covalently 
bound to a nitrogen or phosphorus atom within the same io 
molecule. Suitable examples include, but are not limited to, 
trichloroisocyanuric acid (TCCA), sodium dichlorisocyanu- 
rate (NaDCC), sodium dichlorisocyanurate dihydrate 
(NaDCC.2H 2 0), trichloromelamine, N-chloro-p-toluene- 
sultbnamide, N-chloromethanesulfonamide, N-chlorosuc- 15 
cinimide, N,N'-1 ,3-bromochloro-5,5-dimethylhydantoin, 
N,N'-l,3-bromochloro-5-ethyl-5-methylhydantoin, 1,3-di- 
bromo-5,5-dimethylhydantoin, 1 ,3-dichloro-5,5-dimethyl- 
hydantoin, and N-bromosuccinimide. A particularly pre- 
ferred source of a solid, organic halogenating agent is 20 
trichloroisocyanuric acid (TCCA). Preferably this is used in 
the form of a coarse granular grade of material for ease of 
introduction to the stirred, cooled reactor. As the TCCA 
reacts, the coarse granules disappear. The reaction is con- 
sidered to be complete when no more coarse granules are 25 
evident. Although dry, granular TCCA is favored because of 
its easy handling characteristics, and for providing a visual 
signal that the reaction is complete, TCCA powdered wet- 
cake may also be employed. The advantage of using TCCA 
wetcake is that it may be taken directly from the TCCA- 30 
producing reactors and so costs associated with drying and 
granulation of the material are eliminated. 

hTCCA-»[Br][NH— 

P6) 35 

In order to prepare a mixed halogen solution, a molar 
excess of organic chlorinating agent to bromide ions is 
employed. Employing a 10% molar excess of the solid 
organic chlorinating agent over the bromide ions, yields a 
mixed halogen composition of 90 mole % bromine and 10 40 
mole % chlorine. Suitable examples include, but are not 
limited to, trichloroisocyanuric acid (TCCA), sodium 
dichlorisocyanurate (NaDCC), sodium dichlorisocyanurate 
dihydrate (NaDCC.2H 2 0), trichloromelamine, N-chloro-p- 
toluenesulfonamide, N-chloromethanesulfonamide, N-chlo- 45 
rosuccinimide, N,N"-1 ,3-bromochloro-5,5-dimethylhydan- 
toin, N,>M,3-bromocliloro-5-ethyl-5-memylhya^ntoin, and 
l,3-dichloro-5,5-dimethylhydantoin. In this case, the 
organic chlorinating agent has dual functionality. First, it 
oxidizes all of the bromide ions into bromine which reacts 50 
with the sulfamic acid to form N-bromosulfamic acid as 
indicated in reaction (36). Second, the excess chlorinating 
agent releases soluble chlorine into the aqueous solution by 
complexing with sulfamic acid to form N-chlorosulfamic 
acid according to reaction (37). 55 

:l][NH— so 3 H]+ 

(37) 

If step (c) is used, step (d) is not used. If step (c) is not 
used, step (d) is used. 60 

d. Introducing sufficient solid inorganic halogenating 
agent to oxidize all or substantially all of the bromide ions 
into bromine. 

Solid inorganic halogenating agents include, but are not 
limited to, alkali metal and earth alkali metal hypochlorite 65 
salts. Suitable examples include lithium hypochlorite, cal- 
cium hypochlorite, and magnesium hypochlorite. Due to its 



low cost and high available chlorine content, calcium 
hypochlorite is particularly preferred. The higher strength 
granular forms of the product (containing 65-75% available 
chlorine) are most preferred. 

Under acidic conditions (pH between about -1 and about 
5), the oxidation reaction is virtually instantaneous, and 
proceeds to completion in a short time. The calcium 
hypochlorite is preferably added rapidly and with good 
mixing in order to minimize loss of bromine vapors from the 
reaction mixture but not too quickly such that that phase 
separation of elemental bromine becomes apparent at the 
bottom of the reactor. When the addition of the calcium 
hypochlorite is complete, all the sulfamic acid has solubi- 
lized to yield an acidic reaction mixture. Preferably it is used 
in the form of a coarse granular grade for ease of introduc- 
tion to the stirred, cooled reactor. As the calcium hypochlo- 
rite reacts, the coarse granules disappear. The reaction is 
considered to be complete when no more coarse granules are 
evident. 



(38) 

In order to prepare a mixed halogen solution, a molar 
excess of inorganic chlorinating agent to bromide ions is 
employed. Employing a 10% molar excess of the solid 
inorganic chlorinating agent over the bromide ions, yields a 
mixed halogen composition of 90 mole % bromine and 10 
mole % chlorine. Suitable examples include lithium 
hypochlorite, calcium hypochlorite, and magnesium 
hypochlorite. In this case, the inorganic chlorinating agent 
has dual functionality. First, it oxidizes all of the bromide 
ions into bromine which reacts with the sulfamic acid to 
form N-bromosulfamic acid as indicated in reaction (38). 
Second, the excess chlorinating agent releases soluble chlo- 
rine into the aqueous solution by complexing with sulfamic 
acid to form N-chlorosulfamic acid according to reaction 
(39). 



H 2 0 



H 2 — S0 3 H+Ca(OCl) 2 — [C1][NH— S0 3 H]+ 



(39) 



e. Removing any insoluble reaction by-products with a 
conventional solid-liquid separation technique. 

Any suitable solid-liquid separation technique can be 
employed. Suitable examples include, but are not limited to, 
centrifugation, clarification, gravity sedimentation, and 
vacuum filtration. Filtration is a particularly preferred tech- 
nique for effecting solid-liquid separation. 

When the solid organic halogenating agent is TCCA, 
cyanuric acid is a reaction by-product that is insoluble in the 
reaction medium (see reactions (36) and (37)). Filtration of 
the cyanuric acid (CA) residue is carried out at pH 1-9, but 
preferably at pH 1-6 to maximize its recovery from solution 
and minimize the amount of bromine vapors that fume from 
the reaction medium. Upon washing the ffltercake with 
water to remove the mother liquors, a highly pure CA 
wetcake is recovered. This can be recycled to other pro- 
cesses to make additional quantities of TCCA, NaDCC, or 
NaDCC.2H 2 0 that can be used in the method of the current 
invention. 

If desired, this step can be modified so that the sodium salt 
of cyanuric acid is recovered from the reaction medium 
instead of cyanuric acid. This is accomplished by introduc- 
ing, before performing the solid-liquid separation, sufficient 
50% NaOH to react with cyanuric acid according to the 
following equation: 

CA+NaOH—NaCA+H 2 0 (40) 



US 7,045,153 B2 



31 



32 



The amount of 50% sodium hydroxide solution employed 
depends on the amount of solid organic halogenating or 
chlorinating agent used in step (c). When TOCA is the solid 
organic halogenating or chlorinating agent, sufficient 50% 
NaOH solution is introduced slowly with mixing and cool- 5 
ing to convert all or substantially all of the cyanuric acid 
liberated in equations (36) and (37) into its monosodium salt 
via reaction (40). Monosodium cyanurate is insoluble in the 
reaction medium at pH<9. As is true of cyanuric acid, 
monosodium cyanurate can be separated and recycled to 10 
other processes in order to make additional quantities of 
TCCA, NaDCC, or NaDCC.2H 2 0 that can be used in the 
method of the current invention. This is accomplished by 
performing a solid-liquid separation, as described above, 
which is done when the pH stabilizes at about 9. 15 

When the solid inorganic halogenating agent is calcium 
hypochlorite, insoluble reaction by-products include cal- 
cium carbonate, lime, and quicklime. Filtration of the reac- 
tion medium is carried out at pH 1-9, but preferably at pH 
4-8 to mitigate the problem of C0 2 gas being liberated from 20 
calcium carbonate and also minimize the amount of bromine 
vapors that fiime from the reaction medium. 

f. Adding an alkaline source to the reaction mother 
liquors. 

Any alkaline source may be employed. Examples include, 25 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 30 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used. The sodium hydroxide solution 
is introduced to the reaction medium slowly, and with 
stirring and cooling such that the temperature preferably 35 
does not exceed 80° F. 

To prepare the all-bromine-containing liquid composi- 
tion, and if the alkaline source is a hydroxide salt, the overall 
mole ratio of bromide ion to hydroxide added in steps (c) (if 
used) and (f) is between about 1:2 and about 1:4, preferably 40 
between about 1:3 and about 1:4. This does not include any 
hydroxide salt that may be used to convert cyanuric acid into 
its alkali metal or earth alkali metal salt as described in step 
(e). 

To prepare the liquid mixed halogen composition, and if 45 
the alkaline source is a hydroxide salt, the overall mole ratio 
of chlorine equivalent to hydroxide added in steps (c) (if 
used) and (f) is between about 1:2 and about 1:4, preferably 
between about 1:3 and about 1:4. This does not include any 
hydroxide salt that may be used to convert cyanuric acid into so 
its alkali metal or earth alkali metal salt as described in step 
(e). 

In either case, the purpose is to deprotonate the halo 
derivatives of sulfamic acid to form the halo derivatives of 
sodium sulfamate according to reaction (41). 55 " 

[X] [NH— S0 3 H]+NaOH-» [X] [NH — S0 3 ~] [Na + ]+ 



H 2 0 



(41) 



X=Br and CI 

g. Removing any further insoluble residues that develop 6 
with a conventional solid-liquid separation technique. 

As noted above, any suitable solid-liquid separation tech- 
nique may be employed. Generally, when TCCA is the 
halogenating agent, almost 90% of CA reaction by-product 
is recovered as a highly pure wetcake in the first solid-liquid 6 
separation operation described in step (e). While not wishing 
to be bound by theory, it is believed that salts of cyanuric 



acid are precipitated from the reaction mother liquors upon 
the addition of alkaline sources. When the alkaline source is, 
for example, 50% sodium hydroxide solution, the mono-, 
di-, and trisodium salts of cyanuric acid are precipitated. 
Although insoluble in the reaction mother liquors, the di and 
trisodium salts display exceptional solubility in ordinary 
water and are thus useful water treating agents in their own 
right. However, in comparison to the amount of solids 
recovered in step (e), the amount of solid that may subse- 
quently develop is relatively low and step (g) may require 
only a polishing solid-liquid separation, with, for example, 
a cartridge filter. Moreover, the two solid-liquid separation 
steps of (e) and (g) may be combined into a single operation 
performed only at step (e). 

EXAMPLES 12-13 

A general procedure for preparing the liquid stabilized 
bromine concentrates listed in Table IV is as follows: 

To a stirred reaction flask containing 40% NaBr (25.7 g) 
was added deionized water (30 g) and solid sulfamic acid 
(11.7 g). The resulting slurry was stirred as 50% sodium 
hydroxide solution (9.65 g) was charged to the reaction flask 
to give a pH of 2.0. The flask was chilled during this process 
so that the temperature did not exceed 80-90° F. A single 
charge of granular trichlorocyanuric acid (7.74 g) was then 
introduced to the reaction flask. 

In an alternate process, the step of introducing 50% 
sodium hydroxide was omitted, and calcium hypochlorite 
(10.67 g) was added to the reaction flask in place of TCCA. 
Within 15-30 minutes, fine powdery precipitates had devel- 
oped in both cases. The solids were removed by vacuum 
filtration and the filter cakes were washed with copious 
amounts of deionized water to remove reaction mother 
liquors and dissolved salts. Then the appropriate amount of 
50% NaOH solution was introduced to the filtered solution 
with cooling, and at a rate such that the temperature did not 
exceed 80-90° F. Any additional residues that developed 
were also removed by vacuum filtration, lodometric titration 
of the resultant golden yellow solutions was used to deter- 
mine their bromine content. The respective yields were 
calculated using the weight and assay of TCCA or Ca(OCl) 2 
used in the initial charge to the reaction flask. Table IV 
the d 



12 TCCA 90 9.65 10.0 14.76 85.0 

(6.56) 

13 Ca(OCl) 2 59.5 0 22.0 14.4 100.9 

(6.4) 

From the weight of the dry filter cake, it was calculated that 88.5% of 
red in the first filtration. 

EXAMPLE 14 



This example represents a scale-up of the reaction 
described in example 12. 

To a stirred reaction flask containing 40% NaBr solution 
(182 g) was added deionized water (40 g) and solid sulfamic 
acid (82.4 g). The reaction medium was stirred and cooled 
as 50% sodium hydroxide solution (60.2 g) was slowly 
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introduced such that the temperature did not exceed 85° F. alkali metal or earth alkali metal salt of anhydrous N-bro- 

A single charge of granular trichloroisocyanuric acid (55 g) mosulfamate. The method uses anhydrous hydrogen bro- 

was then added to the reaction flask that was stirred for rnide or aqueous hydrogen bromide precursors under reac- 

around 20 minutes. All of the coarse TCCA granules were tion conditions designed to promote the formation of the 

observed to have reacted within this period as a fine powdery 5 solid, e.g. above the solubility limit, 

precipitate developed. Prior to filtration, the pH of the A unique aspect of this method is that it can be used to 

reaction liquors was adjusted to 1.55 by addition of more yield three different useful products. The first is the solid 

50% NaOH solution (5.0 g). Upon filtration of the alkali metal or earth alkali metal salt of hydrated N-bromo- 

insolubles, the filtercake was washed with two bed volumes sulfamate in equilibrium with its saturated solution. The 
ofdeionized water. The wash liquors were discarded, and the 10 solid need not be isolated from the saturated solution, 

filter wetcake was placed in an oven to dry overnight at 130° Instead, the combination product, a slurry, may be advan- 

F. To the filtrates was added additional 50% NaOH (90 g) tageously packaged and transported to a separate location 

again with cooling and stirring and at a rate such that the for subsequent reconstitution by simple addition of water to 

temperature of the reaction did not exceed 80-90° F. Any yield an aqueous stabilized, liquid bromine composition 
additional solids that precipitated from solution were 15 whose concentration can be tailored to the amount of 

removed by vacuum filtration, immediately upon complet- reconstitution water used. The second and third products are 

ing the addition of the 50% NaOH. Iodometric titration of the solid alkali metal or earth alkali metal salt of hydrated 

the resultant golden solution yielded a Br 2 content of 22.7% N-bromosulfamate and the solid alkali metal or earth alkali 

(or 10.1% as Cl 2 ). The theoretical amount of Br 2 (or Cl 2 metal salt of anhydrous N-bromosulfamate, respectively, 
equivalent) produced as a function of the amount of TCCA 20 These high-activity solids are stable and dissolve rapidly and 

charged was used to compute a reaction yield of 98.8%. The completely to yield a highly concentrated bromine contain- 

weight of the dry solids removed on the first filtration ing solution. 

indicated that 86.6% of the cyanuric acid had been recov- The method preferably includes the following steps. Steps 

ered - (a), (b), and (c) may be performed in any order, or simul- 

25 taneously, followed by other steps as discussed below 

EXAMPLE 1 5 depending on whether the desired product is the slurry of the 
hydrated solid in equilibrium with its saturated solution or 

This example describes the preparation of a mixed halo- one of the two isolated solid products, 

gen composition that contains both bromine and chlorine. a. Utilizing a bromine compound in the oxidation state of 

The same conditions as those listed in Example 14 are 30 -1. 

employed except for using half the amount of NaBr. Anhydrous hydrogen bromide gas or aqueous hydrogen 

To a stirred reaction flask containing 40% NaBr solution bromide may be used. Typically, anhydrous hydrogen bro- 

(91 g) was added deionized water (1 3 1 g) and solid sulfamic mide gas is emitted from a reactor where bromination of an 

acid (82.4 g). The reaction medium was stirred and cooled organic compound to form a brominated flame retardant is 

as 50% sodium hydroxide solution (60.2 g) was slowly 35 taking place. Aqueous hydrogen bromide is a preferred 

introduced such that the temperature did not exceed 85° F. starting reagent and can be used at any concentration up to 

A single charge of granular trichloroisocyanuric acid (55 g) 70% by weight, but 48% is especially convenient to use as 

was then added to the reaction flask. Shortly after half of the this is the concentration at which the product does not 

TCCA was added, the bromine fumes in the flask were appreciably fume HBr vapors. When aqueous hydrogen 

observed to subside. Compared to the process employing 40 bromide is the starting reagent, the process of this invention 

twice as much NaBr there were virtually no bromine vapors is conducted under conditions of extreme acidity, preferably 

evident. It was not necessary to quell the fumes by addition at a pH which is greater than about -1 and less than about 

of 50% NaOH prior to filtration. After about 20 minutes of • +1 . 

stirring, all of the coarse TCCA granules were observed to b. Introducing to the reaction medium a highly concen- 

have reacted as a fine powdery precipitate developed. Upon 45 trated solution of hydrogen peroxide to effect a full or partial 

filtration of the insolubles, the filtercake was washed with 2 oxidation of the Br moieties into bromine, 
bed volumes of deionized water. The wash liquors were 

discarded, and the filter wetcake was placed in an oven to 2HBr+H 2 o 2 -»Br 2 +2H 2 o (42) 
dry overnight at 130° F. To the filtrate was added additional Strong solutions of hydrogen peroxide are preferably 
50% NaOH (95 g) again with cooling and stirring, and at a 50 introduced to anhydrous hydrogen bromide or 48% aqueous 
rate such that the temperature of the reaction did not exceed hydrogen bromide solution, although this order of addition 
80-90° F. Any additional solids that precipitated from solu- can be changed without appreciably effecting the reaction, 
tion were removed by vacuum filtration, immediately upon Hydrogen peroxide is commercially available at concentra- 
completing the addition of the 50% NaOH. Iodometric tions up to 90%, although 50% hydrogen peroxide is safer 
titration of the resultant golden solution yielded a total 55 to use and is more commonly available. When an all- 
halogen content of 21.1% when expressed as Br 2 (or 9.4% aqueous reaction medium is preferred, 50% hydrogen per- 
when expressed as Cl 2 ). The theoretical amount of Br 2 and oxide is added slowly and with stirring to a solution of 48% 
Cl 2 equivalent produced as a function of the amount of the aqueous hydrogen bromide calculated to have a pH of about 
TCCA charge was used to compute a reaction yield of -0.78. When a gas-liquid reaction medium is preferred, 
92.0%. 60 anhydrous hydrogen bromide gas is bubbled through a 

solution of 50% hydrogen peroxide. In either case, the 

The Fourth Embodiment amount of 50% hydrogen peroxide used should be sufficient 
to oxidize between 10% and 100% of the stoichiometric 

This embodiment is a method of preparing heretofore amount, and most preferably between 20% and 80% of the 

unknown, highly water soluble, bromine-containing solid 65 stoichiometric amount of the Br moieties into bromine. The 

compositions of matter, namely, the alkali metal or earth oxidation of anhydrous hydrogen bromide gas or aqueous 

alkali metal salt of hydrated N-bromosulfamate and the 48% aqueous hydrogen bromide with 50% hydrogen per- 
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oxide is an exothermic reaction. Heat removal is effected by disappear. The reaction is considered to be complete when 

conducting the reaction at the refluxing temperature of the no more coarse granules are evident. Although dry, granular 

reaction mixture using a condenser to facilitate the heat TCCA is favored because of its easy handling characteris- 

removal process. Alternatively, cooling is effected with a tics, and for providing a visual signal that the reaction is 

jacketed reactor. The reaction time and temperature are 5 complete, TCCA powdered wetcake may also be employed, 

controlled in order to maximize the conversion of Br moi- The advantage of using TCCA wetcake is that it may be 

eties into bromine and minimize the amount of unreacted taken directly from the TCCA-producing reactors and so 

hydrogen peroxide remaining in the reaction medium. costs associated with drying and granulation of the material 

c. Mixing a complexing agent to the fully or partially are eliminated. 

oxidized solution. 10 If step (d) is used, step (e) is not used. If step (d) is not 

On allowing the highly acidic, bromine-laden reaction used, step (e) is used, 

mixture to cool, a complexing agent is introduced to the e. Adding a solid alkaline source to the reaction mother 

same reactor. Preferably the complexing agent is sulfamic liquors such that if the alkaline source is a hydroxide salt, the 

acid. The amount of sulfamic acid added depends on the overall mole ratio of bromine compound in the oxidation 

amount of anhydrous hydrogen bromide or aqueous hydro- 15 state of - 1 to hydroxide is between about 0.5: 1 and about 

gen bromide originally present. A mole ratio of about 0.75 : 1 1:2, preferably between about 1:1, followed by introducing 

to about 1.5:1 sulfamic acid to Br moiety is advantageous to sufficient solid inorganic halogenating agent to oxidize all or 

the stability of the final product with about 0.95: 1 to about substantially all of the remaining bromide ions into bromine. 

1.2:1 being the most preferred mole ratio range. Any solid alkaline source may be employed. Examples 

In the event that the reaction medium is 100% oxidized by 20 include, but are not limited to, alkali metal or earth alkali 
hydrogen peroxide in step (b), steps (d)-(f) are not per- metal carbonates, bicarbonates, oxides, and hydroxides. A 
formed and the method continues with step (g) with subse- particularly preferred solid alkaline source is NaOH. The 
quent steps depending on whether the desired product is the solid sodium hydroxide is introduced to the reaction medium 
slurry of the hydrated solid in equilibrium with its saturated slowly, and with stirring and cooling such that the tempera- 
solution or one of the two isolated solid products. In the 25 ture preferably does not exceed 80° F. 
event that the reaction medium is only partially oxidized in Solid inorganic halogenating agents include, but are not 
step (b), steps (d)-(f) are performed, followed by step (g) limited to, alkali metal and earth alkali metal hypochlorite 
and subsequent steps depending on whether the desired salts. Suitable examples include lithium hypochlorite, cal- 
product is the slurry of the hydrated solid in equilibrium with cium hypochlorite, and magnesium hypochlorite. Due to its 
its saturated solution or one of the two isolated solid 30 low cost and high available chlorine content, calcium 
products. hypochlorite is particularly preferred. The higher strength 

The next step is either (d) or (e). granular forms of the product (containing 65-75% available 

d. Adding a solid alkaline source to the reaction medium chlorine) are most preferred. 

to adjust its pH to between about 0.5 and about 9 and Under acidic conditions (pH between about -1 and about 

preferably between about 1.0 and about 4.5, followed by 35 5^ the oxidation reaction is virtually instantaneous, and 

introducing sufficient solid organic halogenating agent to proceeds to completion in a short time. The calcium 

oxidize all or substantially all of the remaining bromide ions hypochlorite is preferably added rapidly and with good 

into bromine. mixing in order to minimize loss of bromine vapors from the 

Any solid alkaline source may be employed. Examples reaction medium, but not too quickly such that that phase 

include, but are not limited to, alkali metal or earth alkali 40 separation of elemental bromine becomes apparent at the 

metal carbonates, bicarbonates, oxides, and hydroxides. A bottom of the reactor. When the addition of the solid calcium 

particularly preferred solid alkaline source is NaOH. The hypochlorite is complete, all the sulfamic acid has solubi- 

solid sodium hydroxide is introduced to the reaction medium lized to yield an acidic reaction medium. Preferably the 

slowly, and with stirring and cooling such that the tempera- calcium hypochlorite is used in the form of a coarse granular 

ture preferably does not exceed 80° F. 45 grade 0 f material for ease of introduction to the stirred, 

Solid organic halogenating agents include any organic cooled reactor. As the calcium hypochlorite reacts, the 

compound in which one or more halogen atoms such as CI, coarse granules disappear. The reaction is considered to be 

Br, or I is present in the oxidation state of +1 and is complete when no more coarse granules are evident, 
covalently bound to a nitrogen or phosphorus atom within 

the same molecule. Suitable examples include, but are not 50 
limited to, trichloroisocyanuric acid (TCCA), sodium 

dichlorisocyanurate (NaDCC), sodium dichlorisocyanurate f - Re m°ving any insoluble reaction by-products with a 

dihydrate (NaDCC.2H 2 0), trichloromelamine, N-chloro-p- conventional solid-liquid separation technique, 

toluenesulfonamide, N-chloromethanesulfonamide, N-chlo- ^ suitable solid-liquid separation technique can be 

rosuccinimide, N,NM ,3-bromochloro-5,5-dimethylhydan- 55 employed. Suitable examples include, but are not limited to, 

toin, N,N'-l,3-bromochloro-5-ethyl-5-methylhydantoin, centrifugation, clarification, gravity sedimentation, and 

l,3-dibromo-5,5-dimethylhydantoin, l,3-dichloro-5,5-dim- vacuum filtration. Filtration is a particularly preferred tech- 

ethylhydantoin, and N-bromosuccinimide. niqae for effecting solid-liquid separation. 

A particularly preferred source of a solid, organic halo- When the solid organic halogenating agent is TCCA, 

genating agent is trichloroisocyanuric acid (TCCA), which 60 cyanuric acid is a reaction by-product that is insoluble in the 

reacts according to the following equation: reaction medium (see reaction (43)). Filtration of the cya- 
nuric acid (CA) residue is carried out at pH 1-9, but 

NH2 ^uric™d +TCCA " [Br][NH " S ° 3H1+Cr+ 43) P«ferably at about pH 1-6 to maximize CA recovery from 

™ UnC 301 ( solution and nunimize the amount of bromine that fumes 

Preferably this is used in the form of a coarse granular 65 from the reaction medium. Upon washing the filtercake with 

grade of material for ease of introduction to the stirred, water to remove the mother liquors, a highly pure CA 

cooled reactor. As the TCCA reacts, the coarse granules wetcake is recovered. This can be recycled to other pro- 
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cesses to make additional quantities of TCCA, NaDCC, or 
NaDCC.2H 2 0 that can be used in the method of the current 
invention. 

If desired, this step can be modified so that the sodium salt 
of cyanuric acid is recovered from the reaction medium : 
instead of cyanuric acid. This is accomplished by introduc- 
ing, before performing the solid-liquid separation, sufficient 
solid NaOH to react with cyanuric acid according to the 
following equation: 

CA+NaOH-*NaCA+H 2 0 (45) 1 

The amount of solid sodium hydroxide solution employed 
depends on the amount of solid organic halogenating agent 
used in step (d). When TCCA is the solid organic haloge- 
nating agent, sufficient solid NaOH is introduced slowly 
with mixing and cooling to convert all or substantially all of 
the cyanuric acid liberated in reaction (43) into its mor 
sodium salt via reaction (45). Monosodium cyanurate 
insoluble in the reaction medium at pH<9. As is true 
cyanuric acid, monosodium cyanurate can be separated and 
recycled to other processes in order to make additional 
quantities of TCCA, NaDCC, or NaDCC.2H 2 0 that can be 
used in the method of the current invention. This is ac 
plished by performing a solid-liquid separation, as described 
above, which is done when the pH stabilizes at about 9. 2 5 

When the solid inorganic halogenating agent is calcium 
hypochlorite, insoluble reaction by-products include cal- 
cium carbonate, lime, and quicklime. Filtration of the reac- 
tion medium is carried out at pH 1-9, but preferably at about 
pH 4-8 to reduce the problem of C0 2 gas being liberated 30 
from calcium carbonate and also minimize the amount of 
bromine that fumes from the reaction medium. 

g. Adding a solid alkaline source to the reaction mother 
liquors such that if the alkaline source is a hydroxide salt, the 
overall mole ratio of bromine compound in the oxidation 35 
state of -1 to hydroxide is between about 1 :2 and about 1:5, 
preferably between about 1:3 and about 1:4. This does not 
include any hydroxide salt that may be used to convert 
cyanuric acid into its alkali metal or earth alkali metal salt 

as described in step (f). 40 

Any solid alkaline source may be employed. Examples 
include, but are not limited to, alkali metal or earth alkali 
metal carbonates, bicarbonates, oxides, and hydroxides. A 
particularly preferred source of alkali metal or earth alkali 
metal hydroxide is solid NaOH. The sodium hydroxide is 45 
introduced to the reaction medium slowly, and with stirring 
and cooling such that the temperature preferably does not 
exceed 80° F. The purpose is to deprotonate the bromo 
derivative of sulfamic acid to form the bromo derivative of 
sodium sulfamate according to reaction (46). 50 

[Br] [NH — S0 3 H]+NaOH-> [Br] [NH — S0 3 _ ] [Na + ]+ 

H 2 0 (46) 

The amount of NaOH employed depends on the initial 
charge of bromine compound in the oxidation state of -1. 55 
The overall mole ratio of bromine compound in the oxida- 
tion state of -1 to NaOH added in steps (d) or (e), if 
performed, and (g) is in the range of about 1 :2 to about 1 :5, 
preferably about 1 :3 to about 1 :4. This does not include any 
hydroxide salt that may be used to convert cyanuric acid into 60 
its monosodium salt as described in step (f). 

h. Removing any further insoluble reaction by-products 
that develop with a conventional solid-liquid separation 
technique. 

As noted above, any suitable solid-liquid separation tech- 65 
nique may be employed. Generally, when TCCA is the 
tt, almost 90% of CA reaction by-product 
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is recovered as a highly pure wetcake in the first solid-liquid 
separation operation described in step (f). While not wishing 
to be bound by theory, it is believed that salts of cyanuric 
acid are precipitated from the reaction mother liquors upon 
the addition of alkaline sources. When the alkaline source is, 
for example, solid sodium hydroxide, the mono-, di-, and 
trisodium salts of cyanuric acid are precipitated. Although 
insoluble in the reaction mother liquors, the di and trisodium 
salts display exceptional solubility in ordinary water and are 
thus useful water treating agents in their own right. How- 
ever, in comparison to the amount of solids recovered in step 
(f), the amount of solid that may subsequently develop is 
relatively low and step (h) may require only a polishing 
solid-liquid separation, with, for example, a cartridge filter. 
Moreover, the two solid-liquid separation steps of (f) and (h) 
may be combined into a single operation performed only at 
step(f). 

i. Chilling, seeding, evaporating, or otherwise promoting 
crystallization of the bromine-containing salt from its super- 
saturated solution. 

Crystallization of the bromine-containing solid from its 
supersaturated solution may be achieved by any conven- 
tional means. These methods include, but are not limited to, 
chilling the reaction medium to reduce the solubility of the 
bromine-containing salt even further to trigger the precipi- 
tation process, seeding the reaction medium with bromine- 
containing salts obtained in an earlier crop so as to provide 
a surface on which additional crystals are encouraged to 
nucleate and grow, and evaporating the reaction medium 
under vacuum to drive off solvent water and promote the 
crystallization process. 

In certain situations, it may be desirable to conclude the 
method at this point and leave the alkali metal or earth alkali 
metal salt of hydrated N-bromosulfamate in equilibrium 
with its saturated solution. This combination product, a 
slurry, may be advantageously packaged and transported to 
a separate location for subsequent reconstitution by simple 
addition of water to yield an aqueous stabilized liquid 
bromine-containing composition whose concentration can 
be tailored to the amount of reconstitution water used. 

j. Recovering the resultant solid alkali metal or earth 
alkali metal salt of hydrated N-bromosulfamate. 

Any suitable solid-liquid separation technique can be 
employed to separate crystals of the alkali metal or earth 
alkali metal salt of hydrated N-bromosulfamate from the 
reaction mother liquors. Suitable examples include, but are 
not limited to, centrifugation, clarification, gravity sedimen- 
tation, and vacuum filtration. Filtration is a particularly 
preferred technique for effecting solid-liquid separation. The 
solid recovered is the alkali metal or earth alkali metal salt 
of hydrated N-bromosulfamate as a crystalline material. 

In order to obtain the alkali metal or earth alkali metal salt 
of anhydrous N-bromosulfamate, the hydrated solid must be 
dried. Any suitable drying technique may be employed to 
dry the solid. Suitable examples include, but are not limited 
to, fluidized bed drying, vacuum oven drying, flash drying, 
and drying over dessicant, such as molecular sieves. Upon 
dehydration, the solid that is recovered is the alkali metal or 
earth alkali metal salt of anhydrous N-bromosulfamate. 

EXAMPLE 16 

To a stirred reaction flask containing 48% HBr (69.5 g) 
was added 50% H 2 0 2 (10.6 g) dropwise so that the reaction 
flask temperature did not exceed 142° F. After allowing the 
reaction flask to cool to about 90° F., solid sulfamic acid (48 
g) was introduced. The resulting slurry was stirred as solid 
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sodium hydroxide pellets were charged to the reaction flask. 
The flask was chilled during this process so that the tem- 
perature did not exceed 80° F. A single charge of granular 
trichloroisocyanuric acid (22.0 g) was introduced to the 
reaction flask that was stirred for about 20 minutes. Not all 5 
the coarse TCCA granules were observed to have reacted 
during this time, and so deionized water (5 ml) was added 
to the reactor to assist the process. As the reaction pro- 
ceeded, a fine powdery precipitate developed which was 
removed by vacuum filtration. Then additional solid NaOH 10 
pellets (17 g) were introduced also with cooling and at a rate 
such that the temperature did not exceed 80° F. Any addi- 
tional precipitate that developed was immediately removed 
by vacuum filtration. Iodometric titration of the resulting 15 
golden yellow solution was used to determine its Br 2 content 
of 27.2% (or 12.1% as Cl 2 ). Within a few minutes, this 
highly concentrated bromine solution started to turn turbid 
as crystals began to form. The crystallizing solution was 
chilled in an ice bath to expedite the development of the 20 
crystals. A large crop of yellow crystalline material was 
separated by vacuum filtration, and the mother liquors were 
retitrated iodometrically. The new bromine content was 
found to be 24.3% (10.8% as Cl 2 ), indicating that the 
solution had lost soluble oxidant as the solids crystallized. 25 
The yellow crystalline material displayed exceptionally high 
solubility in water. The dissolution process was rapid and 
complete. There were no insoluble residues. Iodometric 
titration of resulting solutions was used to calculate that the 
crystalline solid contained 29.9% Br 2 (13.1% as Cl 2 ). 30 

The Fifth Embodiment 

The fifth embodiment is a method of producing heretofore 35 
unknown, highly water soluble, bromine-containing solid 
compositions of matter, namely, the alkali metal or earth 
alkali metal salt of hydrated N-bromosulfamate and the 
alkali metal or earth alkali metal salt of anhydrous N-bro- 
mosulfamate. The method uses alkali metal or earth alkali 40 
metal bromide ion solutions under reaction conditions 
designed to promote the formation of the solid, e.g. above 
the solubility limit. 

A unique aspect of this method is that it can be used to 
yield three different useful products. The first is the solid 45 
alkali metal or earth alkali metal salt of hydrated N-bromo- 
sulfamate in equilibrium with its saturated solution. The 
solid need not be isolated from the saturated solution. 
Instead, the combination product, a slurry, may be advan- 50 
tageously packaged and transported to a separate location 
for subsequent reconstitution by simple addition of water to 
yield an aqueous stabilized, liquid bromine composition 
whose concentration can be tailored to the amount of 
reconstitution water used. The second and third products are 55 
the solid alkali metal or earth alkali metal salt of hydrated 
N-bromosulfamate and the solid alkali metal or earth alkali 
metal salt of anhydrous N-bromosulfamate, respectively. 
These high-activity solids are stable and dissolve rapidly and 
completely to yield a highly concentrated bromine contain- 60 
ing solution. 

The method preferably includes the following steps. Steps 
(a), (b), and (c) may be performed in any order, or simul- 
taneously, followed by other steps depending on whether the 
desired product is the slurry of hydrated solid in equilibrium 65 
with its saturated solution or one of the two isolated solid 
products. 



a. Utilizing an alkali metal or earth alkali metal solution 
of bromide ions. 

Sources of alkali metal or earth alkali metal solutions of 
bromide ion include, but are not limited to, lithium bromide, 
sodium bromide, potassium bromide, calcium bromide, and 
magnesium bromide. A preferred source of bromide ion 
solution is sodium bromide solution, commonly available as 
a 40-46% aqueous solution, or it may be made into such a 
solution by dissolving solid sodium bromide salt in water. 

b. Mixing a complexing agent to the bromide ion solution. 
Preferably, the complexing agent is sulfamic acid. The 

amount of sulfamic acid added depends on the amount of 
bromide ion originally present. A mole ratio of about 0.75:1 
to about 1 .5: 1 sulfamic acid to sodium is advantageous to the 
stability of the final product, with about 0.95: 1 to about 1 .2: 1 
being the most preferred mole ratio range. 

c. Adding an alkaline source to the reaction medium to 
adjust its pH to between about 0.5 and about 9 and prefer- 
ably between about 1.0 and about 4.5, followed by intro- 
ducing sufficient solid, organic halogenating agent to oxidize 
all or substantially all of the bromide ions into bromine. 

Any alkaline source may be employed. Examples include, 
but are not limited to, alkali metal or earth alkali metal 
carbonates, bicarbonates, oxides, and hydroxides. When 
solutions are preferred, sodium hydroxide or potassium 
hydroxide solutions are convenient to use, alone or in 
combination with each other. A particularly preferred alka- 
line source is 50% NaOH solution. To prevent storage 
problems in cold climates, 50% NaOH solution may be 
diluted with water and used in the process of this invention. 
The sodium hydroxide solution is introduced to the reaction 
medium slowly, and with stirring and cooling such that the 
temperature preferably does not exceed 80° F. 

Solid organic halogenating agents include any organic 
compound in which one or more halogen atoms such as CI, 
Br, or I is present in the oxidation state of +1 and is 
covalently bound to a nitrogen or phosphorus atom within 
the same molecule. Suitable examples include, but are not 
limited to, trichloroisocyanuric acid (TCCA), sodium 
dichlorisocyanurate (NaDCC), sodium dichlorisocyanurate 
dihydrate (NaDCC.2H 2 0), trichloromelamine, N-chloro-p- 
toluenesulfonamide, N-chloromethanesulfonamide, N-chlo- 
rosuccinimide, N,N-1 ,3-bromochloro-5,5-dimethylhydan- 
toin, N,N'-l,3-bromochloro-5-ethyl-5-methylhydantoin, 
1 ,3-dibromo-5,5-dimethylhydantoin, 1 ,3-dichloro-5,5-dim- 
ethylhydantoin, and N-bromosuccinimide. A particularly 
preferred source of a solid, organic halogenating agent is 
trichloroisocyanuric acid (TCCA). Preferably this is used in 
the form of a coarse granular grade of material for ease of 
introduction to the stirred, cooled reactor. As the TCCA 
reacts, the coarse granules disappear. The reaction is con- 
sidered to be complete when no more coarse granules are 
evident. Although dry, granular TCCA is favored because of 
its easy handling characteristics and for providing a visual 
signal that the reaction is complete, TCCA powdered wet- 
cake may also be employed. The advantage of using TCCA 
wetcake is that it may be taken directly from the TCCA- 
producing reactors, and so costs associated with drying and 
granulation of the material are eliminated. 



d. Removing any insoluble reaction by-products with a 
conventional solid-liquid separation technique. 

Any suitable solid-liquid separation technique can be 
employed. Suitable examples include, but are not limited to, 
centrifugation, clarification, gravity sedimentation, and 
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vacuum filtration. Filtration is a particularly preferred tech- hydroxide salt that may be used to convert cyanuric acid into 

nique for effecting solid-liquid separation. its monosodium salt as described in step (d). 

When the solid organic halogenating agent is TCCA, f. Removing any further insoluble reaction by-products 

cyanuric acid is a reaction by-product that is insoluble in the that develop with a conventional solid-liquid separation 

reaction medium. Filtration of the cyanuric acid (CA) resi- 5 technique. 

due is carried out at pH 1-9, but preferably at about pH 1-6 As noted above, any suitable solid-liquid separation tech- 

to maximize CA recovery from solution and minimize the nique may be employed. Generally, when TCCA is the 

amount of bromine that fumes from the reaction medium halogenating agent, almost 90% of CA reaction by-product 

(see reaction (44)). Upon washing the filtercake with water is recovered as a highly pure wetcake in the first solid-liquid 

to remove the mother liquors, a highly pure CA wetcake is io separation operation described in step (d). While not wishing 

recovered. This can be recycled to other processes to make to be bound by theory, it is believed that salts of cyanuric 

additional quantities of TCCA, NaDCC, or NaDCC.2H 2 0 acid are precipitated from the reaction mother liquors upon 

that can be used in the method of the current invention. the addition of alkaline sources. When the alkaline source is, 

If desired, this step can be modified so that the sodium salt for example, 50% sodium hydroxide solution, the mono-, 

of cyanuric acid is recovered from the reaction medium 15 di-, and trisodium salts of cyanuric acid are precipitated, 

instead of cyanuric acid. This is accomplished by introduc- Although insoluble in the reaction mother liquors, the di and 

ing, before performing the solid-liquid separation, sufficient trisodium salts display exceptional solubility in ordinary 

50% NaOH solution to react with cyanuric acid according to water and are thus useful water treating agents in their own 

the following equation: right. However, in comparison to the amount of solids 
3 recovered in step (d), the amount of solid that may subse- 



CA+Na0H-~NaCA+H 2 O (48) 



quently develop is relatively low and step (f) may require 



The amount of 50% sodium hydroxide solution employed 0nly J\ P0 g ^id-liquid separation with, for example, 
depends on the amount of solid organic halogenating agent \ Cart "?f* ffl *f " ^ oreo ^ *»* two solid-liquid separation 
used in step (c). When TCCA is the solid organic haloge- StepS ° f (< ? ® ma y bf^rnouied into a single operation 
nating agent, sufficient 50% NaOH solution is introduced 25 perf °^. ^ a * step ^ . u . 
slowly with mixing and cooling to convert all or substan- B- CMlrng, seeding, evaporating, or otherwise promoting 
tially all of the cyanuric acid liberated in reaction (47) into c «ysta hzation of the bromine-contaming salt from its super- 
its monosodium salt via reaction (48). Monosodium cyanu- saturated solution 

rate is insoluble in the reaction medium at pH<9. As is true , n Cl ^"™i of the broimne-contaimng solid from its 

of cyanuric acid, monosodium cyanurate can be separated 30 su P e ^ a teated solution may be achieved by any conven- 

and recycled to other processes in order to make additional ^ T ^ ^ f' f?.^ mted to ' 

quantities of TCCA, NaDCC, or NaDCC2H 2 C- that can be u lm& ^ reaCtlon m , edlUm to reduce the solubllltv ° f 

used in the method of the current invention. This is accom- br °mine-containmg salt even further to trigger the precipi- 

plished by performing a solid-liquid separation, as described « ^ pr ° CeS *L se f?? B reaCtlo » medium wifll bromine - 

above, which is done when the pH stabilizes at about 9. 35 conta ]. nm S salts obtained ,n an earlier crop so as to provide 

e. Adding an alkaline source to the reaction mother liquors " 7^ °h ^ I "* enC0Urage , d t0 

, u t u i-rli. « 1- • 1 j luauHMs nucleate and grow, and evaporating the reaction medium 

suchtha if the alkaline source is a hydroxide .salt fce overal under vacuum 8 to ^ off P ]vent ^ gnd 

mole ratio of aqueous alkali metal or earth alkali metal crystallization process . P 

bromide to hydroxide is between about 1:2 and about T5 „„ T • -Z , , . ,, , , , 

n ^r a ^uu,uJ„,^„ u „* 1 i j, a ti~ j i • i j 40 In certain situations, it may be desirable to conclude the 

SSfi 7 At I • lmh t method at this P° to and leav e "he alkali metal or earth alkali 
Stt^l .rTT 11 ? metel salt of ***** N-bromosulfamate in equilibrium 

into its alkali metal or earth alkali metal salt as described in with its saturated somtion m combination 7 roductj a 

? „ ,. , , . _ , . , , slurry, may be advantageously packaged and transported to 

Any alkaline source may be employed. Exampes include 45 a separate location for subsequent reeonstitution by simple 

but are not limited to alkali metal or earth alU metal addition of water to ield an a stabm J d K P Jd 

carbonates, bicarbonates, oxides and hydroxides. When bromme-containing composition whose concentration can 

solutions are preferred, sodium hydroxide or potassium be to me amount of reconstitute water used _ 

hydroxide solu ions are convenient to use, alone or in h . Recover ing the resultant solid alkali metal or earth 

combination Willi ^each other. A particularly preferred alka- 50 alkali met al salt of hydrated N-bromosulfamate. 

line source is 50% NaOH Jo prevent storage ^ suitable solid . liquid S ep ara ti on technique can be 

problems m cold climate^ 50% NaOH solution may be employed to separate crystals of alkali metal or earth alkali 

diluted to 25% and used. The sodium hydroxide solution is metal salt of hydrated N-bromosulfamate from the reaction 

introduced to the reaction medium slowly, and with stirring mother liquors . Suitab]e examples includ but ^ not 

and cooling such that the temperature preferably does not 55 i imited to , ce ntrifugation, clarification, gravity sedimenta- 

exceed 80 F. The purpose is to deprotonate the bromo , ion! md vacuum flltration . Filtration is a J icularl 

derivative of sulfamic acid to form the bromo derivative of ferred technique for effecti so ii d . Hquid separatiou . Th e 

sodium sulfamate according to reaction (49). solid recovered is me ^ meta] or ^ ^ ^ ^ 

[Br] [NH — so 3 H] +NaOH-* [Br] [nh — so 3 _ ] [Na + ] + of hydrated N-bromosulfamate as a crystalline material. 

H 20 (49) 60 In order to obtain the alkali metal or earth alkali metal salt 
of anhydrous N-bromosulfamate, the hydrated salt must be 

The amount of 50% NaOH solution employed depends on dried. Any suitable drying technique can be employed to dry 

the initial charge of aqueous alkali metal or earth alkali the solid. Suitable examples include, but are not limited to, 

metal bromide. The overall mole ratio of aqueous alkali fiuidized bed drying, vacuum oven drying, flash drying, and 

metal or earth alkali metal bromide to NaOH added in steps 65 drying over dessicant such as molecular sieves. The solid 

(c) and (e) is in the range of about 1:2 to about 1:5, that is recovered is the alkali metal or earth alkali metal salt 

preferably about 1 :3 to about 1 :4. This does not include any of anhydrous N-bromosulfamate. 
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To a stirred reaction flask containing 40% sodium bro- 
mide solution was added solid sulfamic acid (82.3 g). The 
resultant slurry was stirred as 50% sodium hydroxide (60.2 
g) was introduced. The flask was chilled during this process 
so that the temperature did not exceed 80° F. A single charge 
of trichlorocyanuric acid (55 g) was then introduced to the 
stirred reaction flask. However, the reaction medium became 
very viscous, and this hampered the mixing efficiency, so 
deionized water (35.8 g) was added to thin the mixture. The 
fine powdery precipitate that developed was removed by 
vacuum filtration. Then, 50% NaOH solution (10 g) was 
added also with cooling and at such a rate that the tempera- 
ture did not exceed 80° F. Any additional solid that devel- 
oped during this addition process was immediately removed 
by vacuum filtration. Iodometric titration of the resulting 
golden yellow solution was used to determine its bromine 
content of 22.7% as Br 2 (10. 1% as Cl 2 ) which corresponded 
to 100% yield. On standing for two days in a cool environ- 
ment, a single, large crystalline mass weighing 33 g had 
developed. The mother liquors were determined to have a 
bromine content of 20.9% as Br 2 (9.3% as Cl 2 ) by iodomet- 
ric titration. The crystalline mass was observed to comprise 
mainly regular rhombohedral crystals, possessing a yellow 
glass-like appearance. A section of the crystalline mass was 
dissolved in water. It dissolved rapidly and completely. 
Iodometric titration of the solution was used to calculate that 
the crystalline solid contained 47.2% as Br 2 (21% as Cl 2 ). 

The Sixth Embodiment 

The sixth embodiment of this invention is a stable, liquid 
composition of matter that contains 60-80% more available 
bromine than the two products that are currently available. 
One product, described in U.S. Pat. Nos. 5,683,654, 5,795, . 
487, 5,942,126, and 6,136,205, is prepared from a process ' 
using sodium hypochlorite solution. It is reported to contain 
14% as Br 2 (6.3% as Cl 2 ). The other product, described in 
U.S. Pat. Nos. 6,068,861, 6,495,169, and 6,322,822, is 
prepared from a process using bromine chloride. It is 
reported to contain 15.5% as Br 2 (6.9% as Cl 2 ). Further, U.S. ' 
Pat. Nos. 6,299,909, 6,306,441, and 6,348, 219 disclose an 
upper ceiling of 18% as Br 2 (8% as Cl 2 ) as the highest 
strength concentrate that could be made by the bromine 
chloride process. The composition of the sixth embodiment 
is low in dissolved halide ion salts, permitting it to contain 
greater than about 1 8% as Br ? (8% as Cl 2 ) and still maintain 
excellent physical and chemical stability. This composition 
may be prepared using the methods of the first, second, and 
third embodiments of the invention. 

The bromine-containing aqueous composition has the 
following attributes and advantages: 

(1) It has an active ingredient content of at least about 
18% as Br 2 (8%as Cl 2 ); 

(2) It is prepared to contain between zero and about 1 
mole of dissolved halide ion salts per mole of active 
halogen (expressed as Br 2 or Cl 2 ); 

(3) It has an active ingredient content in which most of the 
halogen is present as bromine; 

(4) It has chemical stability with an active ingredient 
half-life of at least about 58 days at about 125° F.; 

(5) It has physical stability as being devoid of solid 
precipitates, nor strongly prone to the development of 
solid precipitates on storage; 

(6) It has physical stability to at least about three cycles 
of freezing and thawing; and 

(7) It has an undetectable level of bromate ion. 



None of the previously reported solutions exhibits all of 
these attributes. None of the previously reported commer- 
cially available solutions has an active ingredient content as 
high as 18% as Br 2 (8% as Cl 2 ). All of the commercially 
available solutions, when prepared, have at least 1-2 moles 
of dissolved halide ion salts per mole of active halogen 
(expressed as Br 2 or Cl 2 ). 

EXAMPLE 18 

The chemical and physical stability of the aqueous bro- 
mine solutions were assessed at elevated temperatures. 
Samples were poured into capped plastic containers and 

. placed in an oven held between 120-130° F. The chemical 
stability was determined by measuring the amount of active 
ingredient remaining in the formulation as a function of 
time. The physical stability was established by visual obser- 
vation of whether any solids precipitated from solution over 

( the same period and were evident on the side or bottom of 
the container, or floating on the surface of the solution. The 
data in Table V shows the chemical and physical stability of 
a sample prepared according to Example 5 described earlier. 

i TABLE V 



Stability 



EXAMPLE 19 

The freeze-thaw cyclability of the aqueous bromine con- 
centrate prepared in Example 5 was assessed by freezing a 
sample in the freezer compartment of a refrigerator followed 
by thawing. The temperature of the frozen composition was 
45 recorded immediately upon removing it from the freezer (the 
chill temperature). As the sample thawed, the temperature at 
which the last crystal to disappear was measured. Table VI 
the observations. 



TABLE VI 



EXAMPLE 20 

) 

The biocidal performance of the liquid composition of the 
present invention was compared to a solution of sodium 
bromide activated using an equimolar amount of sodium 
hypochlorite bleach, and a solution prepared from 1-bromo- 
> 3-chloro-5,5-dimethylhydantoin (BCDMH). Sterile phos- 
phate buffer samples (pH 8.5) were inoculated with 
Pseudomonas aeruginosa to give 
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approximately 5x 10 6 bacteria/ml and then challenged with 
the test systems at a nominal concentration of 0.2 ppm total 
halogen (as Cl 2 ). 

After a contact time of 10 minutes at 35° C, an aliquot of 
sodium thiosulfate was added to each sample to neutralize 5 
the halogen. The level of viable bacteria in each sample was 
determined by plate counting. Plates were incubated at 35° 
C. for 48 hours. The results expressed as log reduction in 
viable bactcria/ml are summarized in Table VII below. 

10 

TABLE VII 



Thus, the biocidal performance of the liquid composition 
of the present invention was comparable to that of other 
bromine-based biocides. 

2 

EXAMPLE 21 

Anion chromatography was used to measure the amount 
of bromate ion present in the solutions of the present 
invention. A sample that had been prepared 32 days earlier 3 
was analyzed using the technique. Bromate was measured at 
less than 50 ppm, which is below the detection limit of the 
method. Thus, bromate is not formed in the reaction process, 
nor is it formed as the sample ages. 

The Seventh Embodiment 
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(5) It has physical stability as being devoid of solid 
precipitates, nor strongly prone to the development of 
solid precipitates; and 

(6) It has an undetectable level of bromate ion. 

EXAMPLE 22 

The chemical stability of the mixed halogen solution 
prepared in Example 15 was assessed at ambient and 
elevated temperatures. The sample was poured into a capped 
plastic container and placed in an oven held at 120° F. The 
amount of active ingredient remaining in the composition 
was monitored as a function of time. The physical stability 
was established by visual observation of whether any solids 
precipitated from solution over the same period and were 
evident on the side or bottom of the container, or floating on 
the surface of the solution. The data in Table VIII shows the 
results. It can be seen that even after one month at 120° E, 
less than 10% of the halogen has been depleted and there 
was no evidence of solids formation in either the ambient 
temperature or 120° F. samples. 

TABLE VIII 



Remaining Cl 2 Remaining Formed? 



The Eighth Embodiment 



The seventh embodiment of this invention is a stable, 
liquid mixed halogen composition that contains both bro- 
mine and chlorine. Typically, the composition is low in 
dissolved halide ion salts, permitting it to contain a total 
halogen level greater than 21% when expressed as Br 2 (9.4% 
when expressed as Cl 2 ). The composition may, however, 
contain a total halogen level as low as 2.25% when 
expressed as Br 2 (1% when expressed as Cl 2 ). The ratio of 
bromine to chlorine in the composition can vary. A useful 
mixed halogen composition may contain 50 mole % bro- 
mine: 50 mole % chlorine and up to 90 mole % bromine: 10 
mole % chlorine. The mixed halogen composition may be 
prepared using the methods of the second and third embodi- 
ments of the invention. 

The mixed halogen composition has the following 
attributes and advantages: 

(1) It has a total halogen content of at least 2.25% when 
expressed as Br 2 (1% when expressed as Cl 2 ); 

(2) It has between zerio and less than 1 mole of dissolved 
halide ion salts per mole of active halogen (expressed 
as Br 2 or Cl 2 ); 

(3) It has an active ingredient content in which the 
halogen is present as both bromine and chlorine; 

(4) A 50 mole % bromine: 50 mole % chlorine mixed 
halogen composition with a total halogen content of 
21% when expressed as Br 2 (9.4% when expressed as 
Cl 2 ) has a chemical stability such that more than 90% 
of the active ingredient remains after 34 days storage at 
120° F.; 



The eighth embodiment of this invention is two bromine- 
containing solid compositions of matter: (1) the alkali metal 
or earth alkali metal salt of hydrated N-bromosulfamate; and 
(2) the alkali metal or earth alkali metal salt of anhydrous 
N-bromosulfamate. These compositions may be prepared 
using the methods of the fourth and fifth embodiments of the 
invention. 

The solid compositions have the following attributes and 
. advantages: 

(1 ) They dissolve quickly and completely in water to yield 
high-strength bromine-containing solutions; 

(2) They can be applied directly to water in order to 
rapidly furnish that water with active bromine; 

> (3) The alkali metal or earth alkali metal salt of hydrated 
N-bromosulfamate is completely stable in equilibrium 
with its saturated solution such that the slurry may be 
advantageously packaged and transported to a separate 
location for subsequent reconstitution by the simple 

; addition of water to yield an aqueous stabilized liquid 
bromine-containing composition whose concentration 
can be tailored to the amount of reconstitution water 
used; and 

(4) The alkali metal or earth alkali metal salt of anhydrous 
) N-bromosulfamate is extremely stable if kept dry and 
in vacuo (see Example 24). Therefore, the product may 
be advantageously packaged and transported to a sepa- 
rate location for subsequent reconstitution by the 
simple addition of water to yield an aqueous stabilized 
i liquid bromine-containing composition whose concen- 
tration can be tailored to the amour 



US 7,045,153 B2 



47 

EXAMPLE 23 



The crystals recovered from solution in Example 17 were 
manually dried of the reaction mother liquors with a paper 
towel. The crystals were glass-like, yellow, regular rhomo- 5 
hedra. Iodometric tiration to determine the oxidizing activity 
of the crystals meant dissolving some of the solid in water. 
They dissolved quickly and completely. The result of the 
titration revealed that the solid contained 23.6% active 
bromine (as Br). 10 

A further portion of the towel-dried crystals was dissolved 
in water for analysis by atomic absorption spectroscopy. The 
data indicated that it contained 9.35% sodium ion. 

A further portion of the towel-dried crystals recovered 
from Example 17 was weighed out and placed overnight in 15 
an oven set to 130° F. The yellow, glass-like, regular 
rhombohedral crystals had turned to a dull, yellow amor- 
phous powder in the oven. Upon reweighing, a loss of 32% 
of the original weight was determined. Because the loss in 
weight was associated with a loss in crystallinity, most of the 20 
weight loss was attributed to the removal of water of 
crystallization molecules. 

X-ray fluorescence spectroscopy on the crystals con- 
firmed the presence of sodium, sulfur, and bromine atoms. 
This information, together with the bromine, sodium, and 25 
water content, indicated that the solid was the sodium salt of 
hydrated N-bromosulfamate designated by the formula 
[Na*] [Br — NH — S0 3 ~] .nH 2 0. 

Another large portion of the crystalline mass was dried 
with a paper towel and placed in a ceramic crucible that was 30 
heated on a hot plate. At about 221° R, the water of 
crystallization molecules were observed to boil from the 
product, which then decomposed and evolved dark red 
bromine vapors. A white residue was left behind, which was 
found to be extremely soluble in water. 35 

X-ray diffraction spectroscopy on the crystals yielded a 
characteristic diffraction pattern. The responses due to likely 
contaminants associated with the solid (NaCl, NaOH, 
Na 2 S0 4 ) were subtracted from the spectrum. The diffraction 
angle data (2 Theta) and the relative intensities of the 
responses are shown in Table IX. 

TABLE IX 



TABLE IX-continued 



EXAMPLE 24 

A further portion of the towel dried crystals from Example 
17 was dehydrated by placing in a vacuum dessicator 
containing molecular sieves. After 15 days, a loss of 31% of 
the original weight was determined. Although the crystals 
lost their glass-like appearance, the rhomobohedral shape 
was retained. The loss in weight was correlated with an 
increase in active ingredient content to 33.6% as Br. Hence, 
this solid is the sodium salt of anhydrous N-bromosulfamate 
designated by the formula [Na + ] [Br—NH— SO,]. 

The sodium salt of anhydrous N-bromosulfamate was 
placed back in the vacuum dessicator. After three months of 
storage at room temperature, it was re-analyzed and deter- 
mined not to have lost any activity. 

The invention has been described above with reference to 
the preferred embodiments. Those skilled in the art may 
envision other embodiments and variations of the invention 
which fall within the scope of the claims. 

We claim: 

1. A method of preparing a liquid, bromine-containing 
solution, comprising: 

a. combining a complexing agent, hydrogen peroxide, and 
anhydrous hydrogen bromide gas; and 

b. adding an alkaline source. 

2. The method of claim 1, wherein said complexing agent 
is sulfamic acid, and further, wherein the mole ratio of said 
sulfamic acid to said anhydrous hydrogen bromide is 
between about 0.75:1 and about 1.5:1. 

3. The method of claim 2, wherein said alkaline source is 
selected from the group consisting of alkali metal carbonate, 
earth alkali metal carbonate, alkali metal bicarbonate, earth 
alkali metal bicarbonate, alkali metal oxide, earth alkali 
metal oxide, alkali metal hydroxide, and earth alkali metal 
hydroxide. 

4. The method of claim 3, wherein said alkaline source is 
an alkali metal hydroxide, and further, wherein said alkali 
metal hydroxide is 50% sodium hydroxide solution. 

5. A method of preparing a liquid, bromine-containing 
solution, comprising: 

a. combining a source of bromide ions, hydrogen perox- 
ide, and a complexing agent; and 

b. adding an alkaline source. 

6. The method of claim 5, wherein said source of bromide 
ions is aqueous hydrogen bromide and said complexing 
agent is sulfamic acid, and further, wherein the mole ratio of 
said sulfamic acid to said aqueous hydrogen bromide is 
between about 0.75:1 and about 1.5:1. 

7. The method of claim 5, further comprising after step a 
but before step b, adding a solid halogenating agent and 
another alkaline source, and then conducting a solid-liquid 



8. The method of claim 7, wherein said solid halogenating 
agent is an organic halogenating agent. 

9. The method of claim 8, wherein said organic haloge- 
nating agent is selected from the group consisting of trichlor- 

5 oisocyanuric acid, sodium dichloroisocyanurate, sodium 
dichloroisocyanurate dihydrate, potassium dichloroisocya- 
nurate, dichloroisocyanuric acid, trichloromelamine, 
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N-chloro-p-toluenesulfonamide, N-chloromethanesulfona- 
mide, N-chlorosuccinimide, N,N-l,3-bromochloro-5,5- 
dimemylhydantoin, N,N'-1 ,3-bromochloro-5-ethyl-5-meth- 
ylhydantoin, l,3-dibromo-5,5-dimethylhydantoin, 1,3- 
dichloro-5,5-dimemylhydantoin, and N-bromosuccinimide. 

10. The method of claim 9, wherein said organic haloge- 
nating agent is trichloroisocyanuric acid. 

11. The method of claim 7, wherein said solid halogenat- 
ing agent is an inorganic halogenating agent. 

12. The method of claim 11, wherein said inorganic 10 
halogenating agent is selected from the group consisting of 
calcium hypochlorite, lithium hypochlorite, and magnesium 
hypochlorite. 

13. The method of claim 12, wherein said inorganic 
halogenating agent is calcium hypochlorite. 15 

14. The method of claim 7, wherein said alkaline sources 
are selected from the group consisting of alkali metal 
carbonate, earth alkali metal carbonate, alkali metal bicar- 
bonate, earth alkali metal bicarbonate, alkali metal oxide, 
earth alkali metal oxide, alkali metal hydroxide, and earth 
alkali metal hydroxide. 20 

15. The method of claim 14, wherein said alkaline sources 
are alkali metal hydroxides, and further, wherein said alkali 
metal hydroxides are 50% sodium hydroxide solution. 

16. A method of preparing a liquid bromine- and chlorine- 
containing solution, comprising: 25 

a. combining a source of bromine ions, hydrogen peroxide 
and a complexing agent; 

b. adding a first alkaline source and a solid chlorinating 

c. conducting a solid-liquid separation; and 30 

d. adding a second alkaline source. 

17. The method of claim 16, wherein the molar equivalent 
of the combination of said hydrogen peroxide and said solid 
chlorinating agent is in excess of the molar equivalent of 
said bromide ions. 35 

18. The method of claim 16, wherein said source of 
bromide ions is aqueous hydrogen bromide and said com- 
plexing agent is sulfamic acid, and further, wherein the mole 
ratio of said sulfamic acid to total halogen is between about 
0.75:1 and about 1.5:1. 40 

19. The method of claim 16, wherein said solid chlori- 
nating agent is an organic chlorinating agent. 

20. The method of claim 19, wherein said organic chlo- 
rinating agent is selected from the group consisting of 
trichloroisocyanuric acid, sodium dichloroisocyanurate, 45 
sodium dichloroisocyanurate dihydrate, potassium dichlor- 
oisocyanurate, dichloroisocyanuric acid, trichloromelamine, 
N-chloro-p-toluenesulfonamide, N-chloromethanesulfona- 
mide, N-chlorosuccinimide, N,N'-l,3-bromochloro-5,5- 
dimethylhydantoin, N,N-l,3-bromochloro-5-ethyl-5-meth- 50 
ylhydantoin, and l,3-dichloro-5,5-dimethylhydantoin. 

21 . The method of claim 20, wherein said organic chlo- 
rinating agent is trichloroisocyanuric acid. 

22. The method of claim 16, wherein said solid chlori- 
nating agent is an inorganic chlorinating agent. 55 

23. The method of claim 22, wherein said inorganic 
chlorinating agent is selected from the group consisting of 
calcium hypochlorite, lithium hypochlorite, and magnesium 
hypochlorite. 

24. The method of claim 23, wherein said inorganic 60 
chlorinating agent is calcium hypochlorite. 

25. The method of claim 16, wherein said first and said 
second alkaline sources are selected from the group con- 
sisting of alkali metal carbonate, earth alkali metal carbon- 
ate, alkali metal bicarbonate, earth alkali metal bicarbonate, 65 
alkali metal oxide, earth alkali metal oxide, alkali metal 
hydroxide, and earth alkali metal hydroxide. 
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26. The method of claim 25, wherein said first and said 
second alkaline sources are alkali metal hydroxides, and 
further, wherein said alkali metal hydroxides are 50% 
sodium hydroxide solution. 

27. A method of preparing a liquid, bromine-containing 
solution, comprising: 

a. combining a source of bromide ions, a complexing 
agent, and a solid halogenating agent; 

b. conducting a solid-liquid separation; and 

c. adding an alkaline source. 

28. The method of claim 27, wherein said source of 
bromide ions is sodium bromide solution and said complex- 
ing agent is sulfamic acid, and further, wherein the mole 
ratio of said sulfamic acid to said sodium bromide solution 
is between about 0.75:1 and about 1.5:1. 

29. The method of claim 27, wherein said solid haloge- 
nating agent is an organic halogenating agent, and further 
comprising before step b, adding another alkaline source. 

30. The method of claim 29, wherein said organic halo- 
genating agent is selected from the group consisting of 
trichloroisocyanuric acid, sodium dichloroisocyanurate, 
sodium dichloroisocyanurate dihydrate, potassium dichlor- 
oisocyanurate, dichloroisocyanuric acid, trichloromelamine, 
N-chloro-p-toluenesulfonamide, N-chloromethanesulfona- 
mide, N-chlorosuccinimide, N^-l^-bromochloro-S^- 
dimethylhydantoin, N,N"-1 ,3-bromochloro-5-ethyl-5-meth- 
ylhydantoin, l,3-dibromo-5,5-dimethylhydantoin, 1,3- 
dichloro-5 ,5 -dimethylhydantoin, and N-bromosuccinimide. 

31. The method of claim 30, wherein said organic halo- 
genating agent is trichloroisocyanuric acid. 

32. The method of claim 29, wherein said alkaline sources 
are selected from the group consisting of alkali metal 
carbonate, earth alkali metal carbonate, alkali metal bicar- 
bonate, earth alkali metal bicarbonate, alkali metal oxide, 
earth alkali metal oxide, alkali metal hydroxide, and earth 
alkali metal hydroxide. 

33. The method of claim 32, wherein said alkaline sources 
are alkali metal hydroxides, and further, wherein said alkali 
metal hydroxides are 50% sodium hydroxide solution. 

34. The method of claim 27, wherein said solid haloge- 
nating agent is an inorganic halogenating agent. 

35. The method of claim 34, wherein said inorganic 
halogenating agent is selected from the group consisting of 
calcium hypochlorite, lithium hypochlorite, and magnesium 
hypochlorite. 

36. The method of claim 35, wherein said inorganic 
halogenating agent is calcium hypochlorite. 

37. The method of claim 34, wherein said alkaline source 
is selected from the group consisting of alkali metal car- 
bonate, earth alkali metal carbonate, alkali metal bicarbon- 
ate, earth alkali metal bicarbonate, alkali metal oxide, earth 
alkali metal oxide, alkali metal hydroxide, and earth alkali 
metal hydroxide. 

38. The method of claim 37, wherein said alkaline source 
is an alkali metal hydroxide, and further, wherein said alkali 
metal hydroxide is 50% sodium hydroxide solution. 

39. Amethod of preparing a liquid bromine- and chlorine- 
containing solution, comprising: 

a. combining a source of bromide ions, a complexing 
agent, and a solid chlorinating agent; 

b. conducting a solid-liquid separation; and 

c. adding an alkaline source. 

40. The method of claim 39, wherein said source of 
bromine ions is sodium bromide solution and said complex- 
ing agent is sulfamic acid, and further, wherein the mole 
ratio of said sulfamic acid to said sodium bromide solution 
is between about 0.75:1 and about 1:5.1. 
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41. The method of claim 39, wherein a molar excess of 
said solid chlorinating agent to said bromide ions is 
employed. 

42. The method of claim 41, wherein said solid chlori- 
nating agent is an organic chlorinating agent, and further 5 
comprising before step b, adding another alkaline source. 

43. The method of claim 42, wherein said organic chlo- 
rinating agent is selected from the group consisting of 
trichloroisocyanuric acid, sodium dichloroisocyanurate, 
sodium dichloroisocyanurate dihydrate, potassium dichlor- 10 
oisocyanurate, dichloroisocyanuric acid, trichloromelamine, 
N-chloro-p-toluenesulfonamide, N-chloromethanesulfona- 
mide, N-chlorosuccinimide, N,N'-l,3-bromochloro-5,5- 
dimethylhydantoin, N,N"-1 ,3-bromochloro-5-ethyl-5-meth- 
ylhydantoin, and l,3-dichloro-5,5-dimethylhydantoin. 

44. The method of claim 43, wherein said organic chlo- 15 
rinating agent is trichlorosiocyanuric acid. 

45. The method of claim 42, wherein said alkaline sources 
are selected from the group consisting of alkali metal 
carbonate, earth alkali metal carbonate, alkali metal bicar- 
bonate, earth alkali metal bicarbonate, alkali metal oxide, 20 
earth alkali metal oxide, alkali metal hydroxide, and earth 
alkali metal hydroxide. 

46. The method of claim 45, wherein said alkaline sources 
are alkali metal hydroxides, and further, wherein said alkali 
metal hydroxides are 50% sodium hydroxide solution. 25 

47. The method of claim 41, wherein said solid chlori- 
nating agent is an inorganic chlorinating agent. 

48. The method of claim 47, wherein said inorganic 
chlorinating agent is selected from the group consisting of 
calcium hypochlorite, lithium hypochlorite, and magnesium 30 
hypochlorite. 

49. The method of claim 48, wherein said inorganic 
chlorinating agent is calcium hypochlorite. 

50. The method of claim 47, wherein said alkaline source 

is selected from the group consisting of alkali metal car- 35 
bonate, earth alkali metal carbonate, alkali metal bicarbon- 
ate, earth alkali metal bicarbonate, alkali metal oxide, earth 
alkali metal oxide, alkali metal hydroxide, and earth alkali 
metal hydroxide. 

51. The method of claim 50, wherein said alkaline source 40 
is an alkali metal hydroxide, and further, wherein said alkali 
metal hydroxide is 50% sodium hydroxide solution. 

52. A method of preparing a bromine-containing solid, 
comprising: 

a. combining a bromine compound in the oxidation state 45 
of -1, hydrogen peroxide, and a complexing agent; 

b. adding an alkaline source; and 

c. promoting crystallization of a bromine-containing 
solid. 

53. The method of claim 52, further comprising after step 
a but before step b, adding a solid halogenating agent and 
another alkaline source, and then conducting a solid-liquid 
separation. 

54. The method of claim 53, wherein said solid haloge- 
nating agent is an organic halogenating agent. 

55. The method of claim 53, wherein said solid haloge- 
nating agent is an inorganic halogenating agent. 

56. The method of claim 52, further comprising after step 
c, recovering said bromine-containing solid. 

57. The method of claim 56, wherein said bromine- 
containing solid is selected from the group consisting of the 
alkali metal salt of hydratedN-bromosulfamate and the earth 
alkali metal salt of hydrated N-bromosulfamate. 

58. The method of claim 56, further comprising after 
recovering said bromine-containing solid, dehydrating said 
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59. The method of claim 58, wherein said dehydrated 
bromine-containing solid is selected from the group con- 
sisting of the alkali metal salt of anhydrous N-bromosulfa- 
mate and the earth alkali metal salt of anhydrous N-bromo- 
sulfamate. 

60. A method of preparing a bromine-containing solid in 
equilibrium with its saturated solution, comprising: 

a. combining a bromine compound in the oxidation state 
of -1, hydrogen peroxide, and a complexing agent; 

b. adding an alkaline source; 

c. promoting crystallization of a bromine-containing 
solid; and 

d. recovering a slurry of said bromine-containing solid in 
equilibrium with its saturated solution. 

61. The method of claim 60, further comprising after step 
a but before step b, adding a solid halogenating agent and 
another alkaline source, and then conducting a solid-liquid 
separation. 

62. The method of claim 61, wherein said solid haloge- 
nating agent is an organic halogenating agent. 

63. The method of claim 61, wherein said solid haloge- 
nating agent is an inorganic halogenating agent. 

64. The method of claim 60, wherein said bromine- 
containing solid is selected from the group consisting of the 
alkali metal salt of hydrated N-bromosulfamate and the earth 
alkali metal salt of hydrated N-bromosulfamate. 

65. A method of preparing a bromine-containing solid, 
comprising: 

a. combining a source of bromide ions, a complexing 
agent, a first alkaline source, and a solid, organic 
halogenating agent; 

b. conducting a solid-liquid separation; 

c. adding a second alkaline source; and 

d. promoting crystallization of a bromine-containing 

66. The method of claim 65, further comprising after step 
d, recovering said bromine-containing solid. 

67. The method of claim 66, wherein said bromine- 
containing solid is selected from the group consisting of the 
alkali metal salt of hydratedN-bromosulfamate and the earth 
alkali metal salt of hydrated N-bromosulfamate. 

68. The method of claim 66, further comprising after 
recovering said bromine-containing solid, dehydrating said 
bromine-containing solid. 

69. The method of claim 68, wherein said dehydrated 
bromine-containing solid is selected from the group con- 
sisting of the alkali metal salt of anhydrous N-bromosulfa- 

and the earth alkali metal salt of anhydrous N-bromo- 



70. A method of preparing a bromine-containing solid in 
equilibrium with its saturated solution, comprising: 

a. combining the source of bromide ions, a complexing 
agent, a first alkaline source, and a solid, organic 
halogenating agent; 
5 b. conducting a solid-liquid separation; 

c. adding a second alkaline source; 

d. promoting crystallization of a bromine-containing 
solid; and 

e. recovering a slurry of said bromine-containing solid in 
equilibrium with its saturated solution. 

71. The method of claim 70, wherein said bromine- 
containing solid is selected from the group consisting of the 
alkali metal salt of hydrated N-bromosulfamate and the earth 
alkali metal salt of hydrated N-bromosulfamate. 
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ABSTRACT 



Free halogen sources (e.g., sodium hypochlorite and chlo- 
rine) added as slimicides in high organic component process 
streams such as pulp and paper processing are rendered 
more efficacious by the addition of selected N-hydrogen 
compounds (namely, 5,5-dimethylhydantoin, 5-ethyl-5-me- 
thylhydantoin, cyanuric acid, succinimide, urea, 4,4-dim- 
ethyl-2-oxazolidinone, and glycouril) to the process stream. 
The latter compounds may be added to the process stream 
before or after the slimicide is added or combined with the 
slimicide and added directly thereto. The direct use of 
halogenated hydantoins has also been found to provide 
improved efficacy relative to free halogen sources. In addi- 
tion, absorbable organic halogen by-products are reduced. 

13 Claims, No Drawings 



HYDANTOIN-ENHANCED HALOGEN 
EFFICACY IN PULP AND PAPER 
APPLICATIONS 

BACKGROUND OF THE INVENTION 5 

Sodium hypochlorite and chlorine gas are commonly used 
as circulating water slimicides. Upon reaction with organic 
system components, these materials can produce adsorbable 
organic halogen (AOX) by-products which are environmen- 10 
tally undesirable. In addition, the bactericidal efficacy of 
these materials is substantially reduced in high organic 
component systems because of rapid reactions of free halo- 
gen with organic materials. In high organic component 
recirculating waters such as pulp and paper processing and 15 
oil field applications, these deleterious effects are pro- 
nounced. 

U.S. Pat. No. 3,328,294 teaches reaction of sulfamic acid 
with hypochlorite solutions, forming N-chlorosulfamate 
solutions which are used to disinfect paper-processing 20 
streams. The stated advantage is reduced reactions with 
paper-processing components. Enhanced biocidal efficacy is 
demonstrated over a non-oxidizing biocide containing 
N-methyldithiocarbamate and cyanodithioimidocarbonate 
with bacterial concentrations of 1 0 3 cfu/ml being achieved at 25 
residual chlorine concentrations of 1.6 ppm as Cl 2 . Unfor- 
tunately, as a practical matter, N-chlorosulfamic acid pro- 
vides reduced biocidal efficacy relative to hypochlorite, thus 
limiting its usefulness as a papermaking slimicide. 

U.S. Pat. No. 3,749,672 teaches the use of N-hydrogen 30 
materials to formulate bleaching solutions with enhanced 
stability to spontaneous decomposition. The claimed formu- 
lations contain (A) a hypohalite, (B) an N-hydrogen com- 
pound, (C) N-halo relation product of (A) with (B) at 
concentrations of l.OxlO" 3 to 1.0 molar, and (D) a buffer to 
maintain pH4-ll. The preferred compositions are liquid 
formulations containing a phosphate buffer, sulfamic acid 
and sodium hypochlorite buffered at pH 10. Use of such 
formulations containing the N-hydrogen compound is dis- 
cussed, as is fighting microorganisms in paper mills. The 
essence of the invention is the production of stable formu- 
lations which can be handled and shipped without the loss of 
active halogen. This is effected by the incorporation of a 
buffer. The invention is not concerned with the on-site 
combination of hypochlorite-containing solutions or process 
streams with N-hydrogen compounds, but only with shelf- 
stable formulations. 

While this patent teaches reduced yellowing when the 
formulations are used as bleaches, neither the reduction of 50 
AOX nor the unexpected biocidal activity enhancement of 
active halogen by N-hydrogen compounds in pulp slurries is 
revealed. 

BRIEF DESCRIPTION OF THE INVENTION 55 

It has been discovered that selected N-hydrogen com- 
pounds and their chlorinated derivatives, such as 5,5-dim- 
ethylhydantoin (DMH), dramatically improve the bacteri- 
cidal efficacy of hypochlorite solutions in pulp slurries, so 
significantly reducing the amount of hypochlorite required 
to achieve biological control. Minimization of chlorine 
usage reduces the predisposition for AOX formation, as well 
as enhancing cost-effectiveness. 

The efficacy is believed to result from the conversion of 65 
free halogen to combined halogen by DMH. DMH effec- 
tively increases the lifetime of active halogen, thereby 



increasing biocidal efficacy. Such action increases cost 
effectiveness and reduces AOX formation. 

In contrast to the teaching of U.S. Pat. No. 3,749,672, the 
subject invention avoids the need to preforrnulate the con- 
stituents off-site and to buffer the solution. On-site formu- 
lation of active halogen:N-hydrogen mixtures allows for 
site-specific stoichiometric optimization in the system recir- 
culation water. The relative stabilities of active halogen and 
N-hydrogen compounds in recirculation systems is site- 
specific, since they depend on such factors as composition, 
temperature, and degree of recycle. Modification of the 
active halogenrN-hydrogen ratio is not possible with the 
preformulated solutions of the prior art. Secondly, on-site 
formulation eliminates the expense and burdens of adding a 
buffer. 

In another embodiment of the instant invention, it has 
been discovered that certain halogenated N-hydrogen com- 
pounds per se also serve as outstanding slimicides for the 
treatment of circulating water containing organic matter 
such as in the pulp and paper industry. These compounds 
show enhanced efficacy over the hypochlorite in these 
apphpations. This result is particularly surprising since 
organic matter, generally over 0.2 wt. % and frequently over 
0.5 wt. %, would be expected to interfere with the biocidal 
efficacy of such compounds. Typically these processing 
streams have from 0.2 to 3 wt. % organic matter, most 
frequently from 0.5 to 2 wt. %, comprised of approximately 
95-99% pulp fiber as well as additional materials such as 
sizing rosin and starch. 

The N-halohydantoin compounds useful in this embodi- 
ment of the invention have the formula: 



Rj and R 2 are independently selected from hydrogen and 
alkyl groups (having from 1 to 12 carbons), and X, and X 2 
are independently selected from bromine, chlorine and 
hydrogen, at least one of X t and X 2 being halogen, with the 
proviso that, when X, or X 2 is bromine, Ri is methyl and R 2 
is ethyl. In preferred embodiments, R t is methyl and Rj, is 
either methyl or ethyl. Preferred halohydantoins include 
l,3-dichloro-5,5-dimethylhydantoin; 1-chloro- 5,5-dimeth- 
ylhydantoin; and dibromo- and bromochloroethylmethylhy- 
dantoins; and combinations of these derivatives. Another 
preferred embodiment includes a mixture of chloro deriva- 
tives of 5-ethyl-5-methylhydantoin, such as the mixtures 
currently sold under the trade name Dantochlor®. The 
amount of the N-halohydantoin compound used in the 
recirculating water is broadly from 0.2 to 30 ppm, preferably 
from 0.5 to 5.0. 



The effective form of combined halogen can be generated: 
a) in situ by the addition of hydantoin to pulp slurries prior 
to or shortly after hypochlorite injection, b) by mixing DMH 
and free chlorine solutions prior to pulp slurry injection, or 
c) by direct feeding of halogenated hydantoins. 

In addition to DMH, other N-hydrogen compounds, 
analogously to DMH, may be used. These include 5,5- 
dimethylhydantoin, glycouril, sulfamide, trisulfamide, 



p-toluene-sulfonamide, melamine, sodium triamidometa- 
phosphate, 5,5-alkylhydantoins, methanesulfonamide, bar- 
bituric acid, 5-methyluracil, imidazoline, pyrrolidone, aceta- 
nilide, acetamide, N-ethylacetamide, phthalimide, 
benzamide, succinimide, cyanamide, urea, N-methylolurea, 5 
N-methylurea, acetylurea, biuret, methyl allophanate, 
methyl carbamate, phthalohydrazide, pyrrole, indole, forma- 
mide, N-methylformamide, dicyandiamide, ethyl carbam- 
ate, 1,3-dimethylbiuret, methyl phenyl biuret, 4,4-dimethyl- 
2-oxazolidinone, 6-methyluracil, 2-imidoazolidone, 10 
ethylene urea, 2-pyrimidone, N-ethylacetamide, azetidin-2- 
one, 2-pyrrolidone, caprolactam, phenyl sulfinimide, phenyl 
sulflnimidylamide, diphenyl sulfoninride, dimethyl sulfm- 
imine, isothiazolene- 1,1 -dioxide, orthophosphoryl triamide, 
pyrophosphoryl triamide, phenyl phosphoryl-bis dimethyl 15 
amide, boric acid amide, hydantoin, and pyrrole. Expressly 
excluded is sulfamic acid, as its properties have been found 
to be inadequate for the purposes of the invention. 

DMH and cyanuric acid enhance efficacy; however, the 
latter does not mitigate halogen consumption as well as 20 
DMH. While all N-hydrogen compounds (e.g., hydantoins, 
glycouril, sulfonamides, imides, oxazolidinones, amides, 
amino acids) appear to enhance free halogen efficacy and 
mitigate halogen consumption to varying degrees, the sul- 
famic acid described in U.S. Pat. No. 3,328,294 is clearly 25 
inferior to the compounds claimed herein. Hydantoins and 
cyanuric acid are preferred. 

A wide variety of "free halogen sources" can be improved 
by applying the teaching of the instant invention. These 
include alkali metal and alkaline earth metal hypochlorites 30 
such as the lithium, sodium, potassium, calcium, and mag- 
nesium compounds, chlorine gas, bromine, bromine chlo- 
ride, halogenated cyanurates such as trichlorcyanuric acid 
and sodium dichlorocyanurate, and dihalogenated hydanto- 
ins, and mixtures of such with sodium bromide. 35 

The optimum amount of the N-hydrogen compound used 
is that needed to convert all free halogen to the combined 
form. This corresponds to a 1:1 molar ratio of halogen 
(based on the moles of free halogen) to hydantoin; however, 
concentrations as low as those producing a 2.6:1 halogen to 
DMH ratio have been shown to be effective. Any amount of 
N-hydrogen compound should provide some level of effi- 
cacy enhancement, while greater amounts of hydantoin do 
not reduce biocidal efficacy. A range corresponding to 0. 1 : 1 
to 10:1 halogen to N-hydrogen compound ratio broadly 
covers the invention. Halogen to DMH ratios of 0. 1 : 1 to 1 0: 1 
correspond to hydantoin dosages of from 0.02 to 180 ppm. 

Typically active halogen concentrations of 0. 1-10 ppm as 
Cl 2 are employed in the pulp media. Amounts of 1 to 3 ppm 50 
are preferred. 

To more fully describe the subject invention, attention is 
directed to the following examples: 

EXAMPLE 1 55 

The addition of 5,5-dimethylhydantoin (DMH) to sodium 
hypochlorite solutions enhances the biocidal activity of 
sodium hypochlorite. The conditions of this experiment 
were a modification of ASTM E 600-91. Two biocide 60 
solutions were evaluated: NaOCl and NaOCl mixed with 
DMH in a 0.25: 1 molar ratio. The NaOCl and the DMH were 
mixed prior to pulp introduction. The biocides were intro- 
duced to the pulp slurry 10 minutes prior to inoculation with 
2x10 s cfu/ml P. Aeruginosa and E. Aerogenes. The pulp 65 
slurry consisted of 1.3% ground aspen wood pulp and 200 
ppm rosin adjusted to pH=5.0-5.5 with aluminum sulfate. 



Bacteria populations were measured 3 hours after pulp 
slurry inoculation. Final total halogen concentrations were 
measured at the time of bacterial population plating by 
sample centrifuging followed by standard DPD analyses. 
Biocides were neutralized with sodium tbiosulfate prior to 
plating. The results are set forth in Table 1: 

TABLE 1 

Effect of DMH on NaOCl/Bactericidal Efficacy 



_ % Residual 
Halogen 



(cfu/ml) 



DMH significantly enhanced the bactericidal efficacy of 
NaOCl. In the presence of DMH 1 ppm halogen produced 
bacteria reduction equivalent to that of 5 ppm halogen when 
used alone. This is a fivefold increase in efficacy. 

DMH also reduced active halogen loss, reducing the 
predisposition for AOX formation. In the absence of DMH 
essentially all active halogen was consumed, while up to 
56% remained when the DMH was present. 

EXAMPLE 2 

NaOCl efficacy was also enhanced by DMH upon NaOCl 
addition to DMH-treated slurries. Prereaction of DMH with 
NaOCl as described in Example 1 was not required. The 
conditions of this experiment were in other respects the 
same as Example 1. The molar ratio in the pulp slurry was 
1:1 NaOCl to DMH. The results are reported in the table 

TABLE 2 

Effect of DMH-Trealed Pulp on NaOCl/Bactericidal Efficacy 



Sample Initial 



10 6 



Again bactericidal efficacy was significantly increased by 
the presence of DMH. In the presence of DMH a 2 log 
reduction in bacteria concentration was achieved with an 
initial halogen concentration of 3 ppm, while 5 ppm was 
required in its absence: a twofold increase in efficacy. 

The consumption of active halogen by the pulp medium 
was again mitigated by the presence of DMH. 



5 

EXAMPLE 3 

DMH efficacy enhancement against preinoculated 
samples was also demonstrated. The conditions were the 
same as Example 1 except that the pulp was inoculated with , 
bacteria 5 minutes prior to biocide introduction as opposed 
to 1 0 minutes after. Also the NaOCl to DMH mole ratio was 
increased from 0.25: 1 to 1 : 1 . The results are shown in Table 



% Residual Bacteria 



Effect of DMH on NaOCl Bactericidal Efficacy in Prainoi 
Samples 

Pulp Sluny Bactericidal Efficacy 



DMH again enhanced efficacy. In its presence a 3 log 
reduction was effected at a dosage of 0.8 ppm halogen (as 
compared to no reduction at 0.8 ppm in its absence). Active 
halogen consumption was again mitigated in the presence of 
DMH. 



EXAMPLE 4 

The effectiveness of DMH to mitigate halogen consump- 
tion was demonstrated at NaOCl to DMH molar ratios of 
0.6:1 to 2.6:1. The experimental conditions were the same as 3 
those of Example 2, except that the pulp slurry was not 
inoculated with bacteria. The results are shown in the table 
below: 

TABLE 4 4 



Sulfamic acid produced no efficacy enhancement over 
sodium hypochlorite alone. In contrast, 5-ethyl-5-methylhy- 
dantoin (MEH) dramatically increased NaOCl efficacy, pro- 
viding a 3 log reduction at 5 ppm halogen as opposed to a 
25 1 log reduction in its absence. Cyamiric acid provided 
similar efficacy enhancement to MEH. 

Of the two components which provided efficacy enhance- 
ment, MEH and cyanuric acid, MEH provided the greatest 
mitigation of halogen decomposition; thus it is expected that 
30 MEH would provide the greatest reduction in AOX forma- 
tion. In this aspect MEH would be preferred over cyanuric 
acid. . 

EXAMPLE 6 



The conditions in this experiment were the same as in 
Example 1 except the initial total halogen concentration with 
respect to typical microbiological concentration was 
increased to about 70 ppm as Cl 2 to produce detectable 
levels of AOX. The results are shown in Table 6: 

TABLE 6 



Initial Total Halogi 



DMH concentrations as low as those producing NaOCl to 
DMH ratios of 2.6:1 reduced pulp slurry halogen consump- 
tion. As bactericidal efficacy of DMH treated systems was 
observed to correlate with residual total halogen concentra- 5 
tion (see Examples 1 and 2), DMH is expected to enhance 
hypochlorite biocidal activity at DMH concentrations at 
least as low as those which provide NaOCl to DMH ratios 
of 2.6:1. 



EXAMPLE 5 

The activity of hydantoins was demonstrated to be greater 
than sulfamic acid and similar to cyanuric acid. The condi- 
tions were the same as those of Example 1. The molar ratio 6 
of the NaOCl to N-hy drogen compound was 1 : 1 . The results 
are shown in Table 5: 



EXAMPLE 7 

This example shows the surprising efficacy of an N-ha- 
lohydantoin compound as a bactericide as compared to the 
conventionally used sodium hypochlorite. Specifically, Dan- 
tochlor®, a commercial halogenated hydantoin containing 
predominantly dichlorodimethylhydantoin and dichloroeth- 
ylmethylhydantoin was used. The conditions were the same 
as those of Example 1. Table 7 shows the results: 

TABLE 7 

Efficacy of N-Halohydantoin Compound 



7 



5,565,109 



8 



Halogen (cfu/ml) 



§10' 



As can be seen from the data, Danlochlor showed a fivefold 10 
efficacy increase over sodium hypochlorite, providing a 
greater than 3 log reduction at 1 ppm initial halogen com- 
pared to 5 ppm for sodium hypochlorite. Additionally, the 
consumption of active halogen by the pulp medium was 
much less where the Dantochlor was used relative to sodium 15 
hypochlorite. 

What is claimed is: 

1. A method of enhancing the efficacy of a free halogen- 
generating slimicide and reducing organic halogen by-prod- 
ucts in an organic matter-containing circulating water sys- 20 
tem which comprises adding an N-hydrogen compound 
selected from the group consisting of p-toluene-sulfona- 
mide, dimethylhydantoin, methylethylhydantoin, cyanuric 
acid, succinimide, urea, 4,4-dimethyl-2-oxazolidinone, and 
glycouril, directly to said system before or after the addition 25 
of the slimicide or with said slimicide in a mixture consisting 
essentially of the slimicide and said compound; wherein the 
N-hydrogen compound is added at a ratio sufficient to 
maintain a 0.1:1 to 10:1 mole ratio of slimicide to N-hy- 
drogen compound in the circulating system, wherein at least 30 
0.2 weight percent of said organic matter is present in said 
system, wherein the slimicide is chlorine gas, bromine, 
bromine chloride, an alkali metal or alkaline earth metal 
hypohalite, a halogenated hydantoin, a halogenated cyanu- 
rate, or halogenated cyanuric acid, and wherein said mixture 35 
of the N-hydrogen compound and the slimicide is present in 
said system in a slimicidally effective amount. 

2. The method of claim 1 wherein the mixture of the 
slimicide and the N-hydrogen compound is formed just prior 

to the addition to said circulating water system. 40 

3. The method of claim 1 wherein the slimicide is chlorine 
gas or sodium hypochlorite. 

4. The method of claim 1 wherein from 0.1 to 10 ppm of 
active slimicide (expressed as Cl 2 ) is maintained in the 
circulating water system. 45 

5. The method of claim 1 wherein the circulating water 
system is used in pulp and paper processing or oil field 
applications. 

6. The method of claim 1 wherein said organic matter is 
present in said system at from about 0.5 to about 3 weight so 

7. The method of claim 1 wherein said organic matter is 
from about 95 to about 99 percent wood fiber. 

8. The method of claim 1 wherein said slimicide is a 
halogenated hydantoin of the formula: 



X 2 N NX, 

Y 



wherein R, and R 2 are independently selected from the 
group consisting of lower alkyl having 1 to 12 carbon atoms, 
and wherein X, and X 2 are independently selected from the 
group consisting of bromine, chlorine and hydrogen, and at 
least one of Xj and X 2 being bromine or chlorine. 

9. The method of claim 8 wherein said organic matter is 
from about 95 to about 99 percent wood fiber. 

10. The method of claim 8 wherein said organic matter is 
present in said system at from about 0.5 to about 3 weight 
percent. 

11. The method of claim 8 wherein the halogenated 
hydantoin contains bromochlorodimethylhydantoin. 

12. The method of claim 8 wherein the halogenated 
hydantoin is a mixture of dichlorodimethylhydantoin and 
dichloroethylmethylhydantoin. 

13. A method of enhancing the efficacy of a free halogen- 
generating slimicide and reducing organic halogen by-prod- 
ucts in an organic matter-containing circulating water sys- 
tem which comprises adding an N-hydrogen compound 
selected from the group consisting of p-toluene-sulfonamide 
dimethylhydantoin, methylethylhydantoin, cyanuric acid, 
succinimide, urea, 4,4-dimethyl-2-oxazolidinone, and gly- 
couril, directly to said system before or after the addition of 
the slimicide or with said slimicide in a mixture consisting 
essentially of the slimicide and said compound; wherein the 
N-hydrogen compound is added at a ratio sufficient to 
maintain a 0.1:1 to 10:1 mole ratio of slimicide to N-hy- 
drogen compound in the circulating system; and wherein at 
least 0.2 weight percent of said organic matter is present in 
said system, wherein said slimicide is a halogenated hydan- 
toin of the formula: 



Y 



wherein Rj and are independently selected from the 
group consisting of lower alkyl having 1 to 12 carbon atoms, 
wherein X ; and X 2 are independently selected from the 
group consisting of bromine and chlorine, and wherein the 
mixture of the N-hydrogen compound and the slimicide is 
present in said system in a slimicidally effective amount. 
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(57) ABSTRACT 

A method of controlling microbial fouling is provided. 

The method controls microbial fouling using hypobromous 
acid, HOBr, formed by the reaction between an aqueous 
solution of alkali or alkaline earth metal hypochlorite and a 
bromide ion source. 

The method is characterized in that the alkali or alkaline 
earth metal hypochlorite or/and the bromide ion source 
is/are stabilized by the addition of a stabilizer before the 
hypobromous acid is formed by the reaction there between. 
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This application claims priority to Korean patent appli- 
cation No. 1999-57299 filed Dec. 13, 1999 and No. 2000- 5 
32103 filed Jun. 12, 2000. 

1. Field of the Invention 

The present invention relates to a method of controlling 
microbial fouling and a control system therefor, more spe- 
cifically a method of controlling microbial fouling using io 
bromination method wherein hypobromous acid, HOBr, 
formed by the reaction between hypochlorous acid and 
bromide ion, is used for controlling the microbial fouling in 
aqueous system, and a control system therefor. 

2. Background of the Invention is 
In aqueous system such as cooling water towers, indus- 
trial water system, paper processing water and oil field 
waters, microorganisms including bacteria, fungi and algae 
may cause biological problems including microbiologically 
influenced corrosion. In addition, the microorganisms form 20 
slime. These microbiologically influenced corrosion and 
slime formation may deteriorate structures, reduce cooling 
efficiency, change colors as well as increase environmental 
and health problems. 

Generally, methods using oxidizing biocides and non- 25 
oxidizing biocides have been used to control microbial 
fouling in aqueous systems, 

Oxidizing biocides sterilize microorganisms by oxidiz- 
ing cell proteins while non-oxidizing biocides sterilize 
microorganisms by inhibiting metabolism. 30 

Examples of such non-oxidizing biocides include 
isothiazolone, methylenebisisocyanate, glutaraldehyde, 
quartanary ammonium, and the like. 

Generally the biocidal power of nonoxidizing biocides is 
not comparable with that of oxidizing biocides, but the 35 
biocidal activity of non-oxidizing biocides lasts longer than 
that of oxidizing biocides. The method usin_ 
biocides includes chlorination method and bromi 
method, and each reaction mechanism is as follows: 
Chlorination 



HOCfeH* 

Bromination 



The produced HOC1 and OCT" in chlorination, and HOBr 5 
and OBr~ function as biocides. In chlorination, the concen- 
tration of HOC1 and OCT vary depending on pH. As pH 
increases, the concentration of HOC1 decrease more rapidly 
than that of OCT as HOC1 is more effective as a biocidc than 
OCl", the chlorination becomes less effective in the system 5 
having the pH higher than 7. Further in chlorination method, 
the ammonia or amine compound contained in an aqueous 
system such as cooling water may react with HOC1 or OCl" 
to form chlorinated amines which is less effective as biocide, 
resulting in a reduction of biocidal power. 6 

On the other hand, in bromination method, the concen- 
traion of HOBr can still be maintained even in high pH 
system, and thus, the biocidal power is not reduced. Further 
the brominated amine formed by the reaction with ammonia 
in aqueous system exerts almost same biocidal power as 6 
HOBr. Thus the bromination method is effective compared 
to the chlorination method. 



As a HOC1 or OCr source in both method, alkali or 
alkaline earth metal hypochlorites, for example sodium 
hypochlorite(NaOCl) are widely used to control microbial 
foule in various kinds of aqueous system including coohng 
water towers, bleaching process, swimming pools, petro- 
leum industry. However, the alkali or alkaline earth metal 
hypochlorite is not stable under typical storage conditions 
and several methods have been suggested to stabilize 
NaOCl. One of them was suggested in U.S. Pat. No. 
3,328,294 to Self. The '294 patent teaches to stabilize the 
unstable NaOCl by reacting with an equal molar ratio of 
sulfamic acid. 

Hypobromite having various advantages over hypochlo- 
rite such as better biocidal performance in high pH or amine 
environments and lower volatility also have the unstable 
problems under typical storage conditions. 

U.S. Pat. No. 5,795,487 (corresponding to Korea Patent 
Applications number 97-708350)(hereinafter referring to as 
simply '487 patent) assigned to NALCO Chemical Com- 
pany disclosed a process to manufacture stabilized alkali or 
alkaline earth metal hypobromite. 

The method comprises the steps of mixing an aqueous 
solution of alkali or alkaline earth metal hypochlorite with a 
water soluble bromide ion source; allowing the bromide ion 
source and the alkali or alkaline earth metal hypochlorite to 
react to form unstable alkali or alkaline earth metal hypo- 
bromite; and adding to the unstable solution of alkali or 
alkaline earth metal hypobromite an alkali metal sulfmate as 
stabilizer. 

In the '487 patent, the inventors emphasized that the 
surprisingly increased stability of the stabilized sodium 
hypobromite achieved by patent method is basically due to 
the specific order of reagent addition in the process of 
manufacture, that is, in the order of an aqueous solution of 
alkali or alkaline earth metal hypochlorite, a water soluble 
bromide ion source and an aqueous solution of an alkali 
metal sulfamate. In addition, '487 patent teaches that addi- 
tion of the stabilizer prior to bromide oxidation would not 
permit the formations of NaOBr because NaOBr is synthe- 
sized by the reaction formula NaOCl+NaBr-»NaOBr+NaCl. 

However since in the '487 patent the aqueous solution of 
hypochlorite reacts with an equal molar ratio of the bromide 
ion source which is expensive on the basis of the above 
reaction formula, the method according to the '487 patent is 
costly and requires continuous supply of bromide ion source 
to maintain the biocidal power in the system. 

An object of the present invention is to provide an 
economic method of controlling microfouling in aqueous 
system using a stabilized hydrobromite. 

Another object of the present invention is to provide an 
efficient method of controlling microfouling in aqueous 
system having low volatility, a high free halogen residual 
long-lasting biocidal power. 

It is an object of the present invention to provide a method 
for preparing a stabilized aqueous alkali or alkaline earth 
metal hydrobromite solution to be used for the above 
method. 

Further another object of the present invention is to 
provide an improved anti-microfouhng system. 

SUMMARY OF THE INVENTION 

We have been studying an efficient method of controlling 
mlcrobiofouling in aqueous system using an aqueous 
hypochlorite solution, water soluble bromide ion source, 
metal sulfamate as stabilizer, and unexpectedly found that 
addition of the stabilizer prior to bromide oxidation could 
permit the formation of NaOBr, which is contrary to the 
teaching of the '487 patent. 
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Specifically, soon after the stabilizer has been added to an 
aqueous solution of alkali or alkaline earth metal hypochlo- 
rite prior to the formation of hypobromite (NaOBr), the 
stabilized hypochlorite did not react with the water soluble 
bromide ion source and thus did not allow the NaOBr 5 
formation, which met with the teaching of the '487 patent. 
However it has been surprisingly found that several to 
several tens hours after the stabilized hypochlorite and 
bromide ion source have been added to into aqueous system, 
the concentration of free halogen residual begun to dramati- 10 
cally increase and the biocidal power lasted long. 

Based on the above discovery the inventors continued to 
study and completed the present invention. 

The main feature of the present invention is to allow 
hypochlorous acid, HOC1, to react with a stabilizer before 15 
hypobromites have been formed by the reaction between the 
hypochlorous acid and a water soluble bromide source in 
controling microbial fouling in aqueous system using hypo- 
bromite produced by the reaction of hypochlorite and bro- 
mide ion source. 20 

In one embodiment of the invention, when alkali or 
alkaline earth metal hypochlorite is used as a hypochlorous 
acid source, it is preferred to stabilize the hypochlorite by 
reacting with a stabilizer and then to allow the stabilized 2J 
hypochlorite to contact a water soluble bromide ion source 
to form hypobromites. 

However since the hypochlorites preferentially react with 
the stabilizer than with the bromide ion source, the 
hypochlorite, the stabilizer arid the bromide ion source may 30 
simultaneously be added to an aqueous system to be treated. 
Also it may be acceptable to mix the stabilizer with the 
bromide ion source first, and then to allow the mixture to 
contact the hypochlorite to form hypobromite. 

The main features of the present invention is not to allow 35 
hypochlorites to react with a water soluble bromide ion 
source before the hypochlorite has been stabilized. 

Such characteristic features of the present invention is 
definitely distinguished from those of the '487 patent 
wherein an aqueous solution of alkali or alkaline earth metal 40 
hypochlorite is allowed to react with a water soluble bro- 
mide ion source to form unstabilized solution of alkali or 
alkaline earth metal hypobromite, and the addition of sta- 
bilizer is followed. 

Resultantly the present invention has various advantages 45 
over the '487 patent such as less consumption of bromide 
ion source which is expensive. 

Gaseous chlorine can also be used in the present invention 
as a hypochlorous acid source. 

A first aspect of the present invention provides a method 
for controlling microbial fouling using hypobromous acid, 
HOBr, formed by the reaction between hypochlorous acid 
and a bromide ion source, wherein the method comprises the 
steps of stabilizing the hypochlorous acid by reacting with a 5S 
stabilizer and then allowing the stabilized hypochlorous acid 
to react with a water soluble bromide ion source to form 
hypobromous acid. 

A second aspect of the present invention provides a 
method of controling microbial fouling in aqueous system 6 o 
comprising: 

(a) mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to 
about 70 percent of active chlorine with a stabilizer 
selected from the group consisting of amide derivatives 65 
of carbonic acid, hydrogen cyanide, carboxylic acid, 
amino acid, sulfuric acid, phosphoric acid and boric 
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acid in a molar ratio of stabilizer to alkali or alkaline 
earth metal hypochlorites of from 1:9 to 9:1 to form a 
stabilized alkali or alkaline earth metal hypochlorites: 

(b) consecutively or simultaneously applying the stabi- 
lized alkali or alkaline earth metal hypochlorites 
formed in the above step (a) and a water soluble 
bromide ion source selected from the group consisting 
of sodium bromide, potassium bromide, lithium 
bromide, hydrobromic acid, and mixtures thereof into a 
locus of microorganism to protect. 
The stabilized alkali or alkaline earth metal and the 
bromide ion source can be applied to the microorganism 
locus in a quantity to maintain the level of free halogen 
residual within a range between 0.05-10 ppm. 

A third aspect of the present invention provides a method 
of controlling microbial fouling in aqueous system which 
comprises: 

(a) preparing on aqueous solution of alkali or alkaline 
earth metal hypochlorites having from about 5 percent 
to about 70 percent of active chlorine: 

(b) mixing a water soluble bromide ion source selected 
from the group consisting of sodium bromide, potas- 
sium bromide, lithium bromide, hydrobromic acid and 
mixture, thereof, and a stabilizer selected from the 
group consisting of amide derivatives of carbonic acid, 
hydrogen cyanide, carboxylic acid, amino acid, sulfuric 
acid, phosphoric acid, and boric acid to prepare a 
mixture of bromide ion source and stabilizer; and 

(c) consecutively or simultaneously applying the aqueous 
solution of alkali or alkaline earth metal hypochlorites 
prepared in the above step (a) and the mixture of 
bromide ion source and stabilizer into a locus of 
microorganism to protect in a quantity to maintain the 
level of free halogen residual within a range between 
0.05-10 ppm 

A fourth aspect of the present invention provides an 
anti-microbial fouling system comprising: an aqueous solu- 
tion pack of stabilized alkali or alkaline earth metal 
hypochlorite including an aqueous solution of alkali or 
alkaline earth metal hypochlorite having from about 5 to 
70% of active chlorine and an aqueous solution of stabilizer 
selected from the group consisting of urea, thioureas, 
creatinine, cyanuric acids, alkyl hydantoins, mono- or 
di-ethanolamine, organic sulfonamides, biuret, sulfamic acid 
and salts thereof, organic sulfamic acid and melamine in a 
quantity to provide a molar ratio of stabilizer to alkali or 
alkaline earth metal hypochlorite of 1:9-9:1; and a pack 
containing water soluble bromide ion source selected from 
the group consisting of sodium bromide, potassium 
bromide, Uthium bromide, hydrobromic acid and mixtures 
thereof. 

A fifth aspect of the present invention provides an anti- 
microbial fouling system comprising: a first pack containing 
an aqueous solution of alkali or alkaline earth metal hydro- 
chlorites having about 5-70% of active chlorine, and a 
second pack containing a mixture of stabilizer selected from 
the group consisting of urea, thiourea, creatinine, cyanuric 
acids, alkylhydantoins, mono- or di-ethanolamine, organic 
sulfonamides, biuret, sulfamic acid and salts thereof, organic 
sulfamic acid and melanine, and water soluble bromide ion 
source selected from the group consisting of sodium 
bromide, potassium bromide, lithium bromide, hydrobromic 
acid and the mixture thereof, and wherein the molar ratio of 
the stabilizer to the alkali or alkaline earth metal hypochlo- 
rite is 1:9-9:1. 

A sixth aspect of the present invention provides an 
anti-microbial fouling system prepared by: forming an aque- 
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ous solution of stabilized hydrochlorite by adding to an 
aqueous solution of alkali or alkaline earth metal hydrochlo- 
rite a stabilizer selected from the group consisting of amide 
derivatives of carbonic acid, hydrogen cyanide, carboxylic 
acids, amino acids, sulfuric acid, phosphoric acid and boric 5 
acid in a sufficient amount to stabilize the aqueous solution 
of alkali or alkaline earth metal hypochlorite; and then 
adding to the stabilized hydrochlorite a bromide ion source 
selected from the group consisting of sodium bromide, 
potassium bromide, lithium bromide, and hydrobromic acid 
with the molar ratio of the bromide ion source to the 10 
stabilized hydrochlorite being in a range between 1/10-1. 

A seventh aspect of the present invention provides a 
method of controlling microbial fouling which comprises: 
applying an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 to 70 percent of 15 
active cholorine, a stabilizer selected from the group con- 
sisting of urea, thiourea, creatinines cyanuric acids, 
alkylhydantions, mono- or di-ethanolamine, organic 
sulfonamides, biuret, sulfamic acid and salts thereof, organic 
sulfamic acid and melamine in an amount to provide a molar 20 
ratio to the alkali or alkaline earch metal hypochlorite of 
1:9-9:1, and a water soluble bromide ion source selected 
from the group consisting of sodium bromide, potassium 
bromide, lithium bromide, hydrobromic acid and mixture 
thereof into a locus of microorganism to protect, in a 25 
quantity to maintain the level of free halogen residual within 
a range between 0.05-10 ppm, in the order that the stabilizer 
is applied first to the locus or is applied between the 
application of the aqueous solution of alkali or alkaline earth 
metal hypochlorite and the water soluble bromide ion source 3( ) 
or is applied simultaneously with the aqueous solution of 
alkali or alkaline earth metal hydrochlorite and the water 
soluble bromide ion source. 

A eighth aspect of the present invention provides a 
method of controlling microbial fouling which comprises: 35 
applying gaseous chloride, a stabilizer selected from the 
group consisting of urea, thioureas, creatinine, cyanuric 
acids, alkylhydantoins, mono- or di-diethanolamine, organic 
sulfonamides, biuret, sulfamic acid and salts thereof, organic 
sulfamic acid and melamine, and a water soluble bromide 40 
ion source selected from the group consisting of sodium 
bromide, potassium bromide, lithium bromide, hydrobromic 
acid and mixtures thereof, into a locus of microorganisms in 
a quantity to maintain the level of free halogen residual 
within a range between 0.05-10 ppm, in the order that the 45 
stabilizer is applied first to the locus or is applied between 
the application of the gaseous chlorine and the water soluble 
bromide ion source or is applied simultaneously with the 
gaseous chlorine and the water soluble bromide ion source. 



The first aspect of this invention provides a method for 
controlling microbial fouling using hypobromous acid 
(HOBr) formed by the reaction between hypochlorous acid « 
(HOC1) and a water soluble bromide ion source (Br*), " 
characterized in that an aqueous solution of alkali or alkaline 
earth metal is stabilized with adding a stabilizer before 
hypobromous acid is formed by the reaction between the 
hypochlorous acid and the bromide ion source, e 

The above characteristic features of this invention distin- 
guish from the '487 patent wherein an aqueous solution of 
alkali or alkaline earth metal hypochlorite is allowed to react 
first with a water soluble bromide ion source to form 
unstabilized solution of alkali or alkaline earth metal £ 
hypobromide, and them the addition of stabilizer is fol- 



In the present invention wherein hypochlorous acid is 
stabilized by the addition of the stabilizer and after that the 
bromide ion source is added to the stabilized hypochlorous, 
the stabilized hyochlorous acid is believed to function as a 
reservoir to provide Br* ion from the bromide ion source 
with HOC1 in order to form HOBr which sterilizes micro- 
organis in an aqueous system to protect and is decomposed 
by ultraviolet rays and recycled for further use as schemati- 
cally shown below. 




Thus according to the present invention the expensive 
bromide compound is consumed in a small quantity, while 
in the prior art the expensive bromide compound is con- 
sumed in a large quantity since an aqueous solution of 
hypochlorite reacts with an equal molar ratio of a bromide 
ion source on the basis of the formula NaOCl+ 
NaBr-»NaOBr+NaCl. 

As previously discussed, according to the present inven- 
tion the addition of the stabilizer to the hypochlorous acid 
should be carried out prior to bromide oxidation, which has 
never been disclosed or taught in any prior arts including 
'487 patent. 

In other words, prior arts including '487 patent is based on 
the fixed idea that already stabilized hypochlorous acid 
(hypochlorites) do not react with bromine ion, while the 
present invention is based on the foundings that already 
stabilized hypochlorous acid reacts with bromine ion several 
to several tens hours after they have been applied into an 
aqueous system to protect depending on the temperature of 
the system and the biocidal activity lasted long time. 

Actually the inventors found that hypobromous acid was 
formed several hours after at a system temperature of 35° C, 
and 24 hours after at room temperature. 

As hypochlorous acid sources, alkali or alkaline earth 
metal hypochlorites may be preferably used in the present 
Gaseous chlorine may also be used as a hypochlo- 



To form hydrochlorous acid, gaseous chlorine or alkali/ 
alkaline earth metal hypochlorites may be introduced into 
the aqueous system to treat or protect to react with water. 

The second aspect of the present invention provides a 
method of controlling microbial fouling in aqueous system, 
characterized in that the method comprising mixing a spe- 
cific aqueous solution of alkali or alkaline earth metal 
hypochlorites as hypochlorous acid source with specific 
stabilizers to prepare stabilized hypochlorites, and then 
consecutively or simultaneously applying the stabilized 
hypochlorites and bromide ion source into a locus of micro- 
organism to protect. 

This aspect of the present invention, as is in the first 
aspect, also has advantages over the prior art such as less 
consumption of expensive bromide ion source, long-lasting 
biocidal activity. 

Characteristic features of the third aspect of the present 
o mix stabilizer with bromide ion source 
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instead of mixing with aqueous solution of alkali or alkaline 
earth metal hypochlorites in the second aspect. Namely, 
according to the method of the second aspect, the hypochlo- 
rites is stabilized with stabilizer before bromide ion source 
is added, but in the third aspect bromide ion source is mixed ; 
with stabilizer and the mixture and hypochlorites is con- 
secutively or simultaneously applied into a locus of micro- 
organism to protect. 

In this case, when (he hypochlorites is applied into a 
aqueous system, the stabilizer in the mixture preferentially 1 
react with the hypochlorite to form stabilized hypochlorite 
which results in same effect as in the second aspect. 

The fourth aspect of the present invention provides an 
anti-microbial fouling system comprising a first pack con- 
taining an aqueous solution of stabilized hypochlorite and a 1 
second pack containing bromide ion source. 

The characteristic features of the fifth aspect is to mix 
stabilizer with bromide ion in a pack. 

The sixth aspect of the present invention provides an 2 
anti-microbiofouling system which enables to storage the 
stabilized hypochlorite and the bromide ion source in a pack. 

Even when the stabilized hypochlorite and bromide ion 
source are stored in same pack in concentrate state, the 
chlorites and bromide ion source do not react each other so 2 
long as they are stored in a pack in concentrate state. 
However when the stabilized hypochlorite and bromide ion 
source are introduced into a dilute aqueous system of 
microorganism locus, they begin to react to form hypobro- 
mous acid having biocidal activity. 3 

The seventh aspect of the present invention provides a 
method of controlling microbial fouling, comprising apply- 
ing an aqueous solution of hypochlorites, stabilizer and 
bromide ion source in a specific order. 

With specifying the order of addition (application), direct 3 
reaction between unstabilized hypochlorites and bromide 
ion source could be prevented, and the stabilization of 
hypochlorites is preceded, 

In the eighth aspect of the present invention, gaseous 
chlorine is used as an hypochlorous acid source. 

When gaseous chlorine is introduced into a locus of 
microorganism, the gaseous chlorine reacts with water to 
form hypochlorous acid. 

Each component used in this invention will be discussed 4: 
hereinafter. 

The alkali or alkaline earth metal hypochlorite which is 
useful in this invention is selected from the group consisting 
of sodium hypochlorite, potassium hypochlorite, lithium 
hypochlorite, magnesium hypochlorite and calcium 51 
hypochlorite. 



The hypochlorite having less than 5% of chlorine is 
commercially invalid and the hypochlorite having more then ; 
70% of chlorine is hard to commercially manufacture. 

The bromide ion source useful in this invention is selected 
from the group consisting of sodium bromide, potassium 
bromide, lithium bromide and hydrobromic acid. In a pre- 
ferred embodiment, the bromide ion source is sodium bro- 

The stabilizer in this invention includes amide derivatives 
of carbonic acid, hydrogen cyanide, carboxylic acid, amino 
acid, sulfuric acid, phosphoric acid, and boric acid. , 

Examples of those stabilizer are urea, thiourea, creatinine, 
cyanuric acids, alkyl hydantoins, mono- or di-ethanolamine, 
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organic sulfonamides, biuret, sulfamic acid and salts thereof, 
organic sulfamic acid and melamine. Sulfamic acid is pre- 
ferred from the economic and efficiency view point. 

The amount of hypochlorite used will vary depending 
upon the kinds of hypochlorite used and the degree and 
extent of contaminated by microbial fouling. When an 
aqueous system is severely contaminated, the initial quantity 
of hypochlorite is preferably increased. The molar ratio of 
the stabilizer to the alkali or alkaline earth metal hypochlo- 
rite is 1:9 to 9:1. 

And the amount of bromide ion source used to the 
stabilized hypochlorite will vary depending upon the degree 
and extent contaminated by microorganism. A typical molar 
ratio of bromide ion source to the stabilized hypochlorite is 
1/10-1 mol. 

For example, when the concentration of the stabilized 
hypochlorite is 10 ppm, the concentration of the bromide ion 
source could be no less then 1 ppm. Therefore the expensive 
bromide ion source, in the present invention, is less con- 
sumed than in the prior arts wherein equal molar ratio of the 
expensive bromide ion source to the hypochlorite is 
required. 

Though the concentrations of the stabilized hypochlorites 
and the bromide ion source in aqueous system to protect 
vary depending on the aqueous system, the level of free 
halogen residual in the system is preferably between 
0.05-10 ppm, more preferably between 0.1-5 ppm, and 
most preferably 0.2-2 ppm. 

The anti-microbial fouling system according to the 
present invention may contain any of the conventional 
corrosion and scale inhibitors known in the art. 

The corrosion inhibitor includes anodic corrosion inhibi- 
tor such as chromates, nitrites, orthophosphates, silicates 
and molybdtes, cathodic corrosion inhibitor such as zinc, 
polyphosphates, and phosphonates, and copper corrosion 
inhibitor such as mercaptobenzothiazole, benzotriazole and 
tolytriazole. The scale inhibitor includes organo phosphates 
and acrylic polymers. 

Examples of the organo phosphates include trethanola- 
mine phosphate (TEAP), aminotrismethylene phosphonic 
acid (AMP), l-hydroxyethylidene-l,l-iphosphonic acid 
(HEDP), 2-phosphonobutane-l,2,4-tricarboxylic acid 
(PBTC). 

The acrylic polymer may include homo-acrylic polymer, 
co-acrylic polymer and ter-acrylic polymer. 

The method and system according to this invention can be 
widely applied to any aqueous system where inhibition of 
the growth of microorganism is required. 

The aqueous system include, but are not limited to: 
cooling water tower, air cleaner, swimming pool, spas, 
industrial water system, laundry detergents, bleaching agent, 
oil field water, sweet water, gas scrubber system, recycling 
water system and water slide. 

Any conventional pH modifier can be added to the 
aqueous solution of alkali or alkali earth metal hypochlorites 
and may include, but are not limited to, sodium hydroxide, 
potassium hydroxide, magnesium hydroxide, lithium 
hydroxide and calcium hydroxide. 

The following examples are presented to Illustrate further 
various aspect of the present invention, but are not intended 
to limit the scope of this invention in any aspect. 

EXAMPLE 1 
Free Halogen Residual 

Sample 1 to 3 was added into an aqueous system in an 
amount of 5 ppm based on NaOCl and the change of free 
halogen residual concentration in the system was measured 
for 8 days. 
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Results of the tests are shown below table 1. 

TABLE 2-continued 



Sample 2*: equal™oto rate" NaOCUndNaBrwere mixed and fol- ^ taWe 2 shows > SaI "Pl e No. 4 prepared by the teaching 

lowed by addition of sulfamic acid, as suggested in '487 patent of '487 patent had better biocidal power on the same day the 

Sample 3*: same amount of Naoci as in sample l and 2 was mixed with mixture was introduced, compared to sample 5 prepared 

sulfamic acid, and the mixture was applied into an aqueous system to 15 according to the present invention. But 24 hours later, the 

protect, and addition of same amount of NaBr as in sample 2 was fol- biocidal power was suddenly decreased and even on the 

sixth day formation of mess was visually observed in the 

As shown in the Table 1, the stabilized NaOCl(sample 1) aqueous system, 
released few free halogen residual. And sample 2 prepared On the other hand, Sample No. 5 prepared according to 
by the method suggested by '487 patent showed high 20 the present invention continuously demonstrated long- 
concentration of free halogen residual until 2nd day after but lastm § and better anti-fouling activities. No moss was visu- 
the concentration was rapidly decreased from 3rd day. all y found ln the a q ue °us system. 

Sample No 3 prepared by the method according to the EXAMPLE 3 

present invention showed low concentration of free halogen Efficiency Against Moss 

residual on the first day of addition, however from the 25 To polluted water in which algae were floating were added 

second day the concentration of free halogen residual was sample 6 and 7 in an amount to provide each 20 ppm 

dramatically increased and lasted to the 7th day. concentration. 

These results demonstrate high efficiency of the method The concentrate 

and system of this invention. With the same molar ratio and dition of alage i 

components, the higher concentration of free halogen 30 observed, 

residual was accomplished and it lasted longer than 2 times The change of free halogen ci 

compared to the prior art. Table 3. 

The concentration of free halogen residual in the present 
invention was changed from 2.34(second day) to 0.43(7th 

day), while in the '487 patent from 0.77 to 0.03. Thus the 35 

n requires less consumption of expensive 
urce than required by the prior art, and 

re improved performance due to higher sample no 
n be attained. 

EXAMPLE 2 1 

Activity Against Microorganism Sample 6: Sulfami 

Tests were conducted to determine the activity of the sample ^Tccofdi 
inventive system and method against bacteria. To polluted . &mi<= acid and the 
water containing 103 bacteria were added 10 ppm of sample 45 'JJjff'^j a 
4 and 5 based on NaOCl, respectively. After 48 hours, 20 aquTousVystem. * 
ppm of sample 4 and 5 were additionally added and con- 
centrations of free halogen residual and the number of As snow n in Table 3, the concentration of free halogen of 
bacteria alive were measured. tne sam ple No. 6 prepared by the teaching of '487 patent has 

Results of this test are shown below. 50 been suddenl y decreased. The floating algae were deposited 
at the bottom and cohesive slime was begun to form. With 



iduced into the aqueous system 
ample 4 were added into the 



TABLE 2 



the lapse of time, the algae color was changed from light 

yellowish green to dank green. The number of bacteria was 

UNIT: ppm decreased for the first 13 days, but rapidly increased there- 

(o 123456 However, Sample No. 7 according to the present 

— invention, prepared by first mixing NaOCl and sulfamic acid 

Halogen 0.33 0.03 0.16 o.ll 0.14 0.09 to form stabilized NaOCl, applying the stabilized NaOCl to 

Nb trf 1 io* 10 3 1 1 2 * a at J ueous s y stem t0 protect, and then adding NaBr to the 

bacteria ° 10 10 10 60 system, demonstrated long-lasting biocidal activities and 

* Halogen 0.05 0.08 0.14 0.73 o.67 0.28 higher biocidal power than in Sample No. 6. Algae was 

residual deposited at the bottom, as was in Sample No. 6, but has not 

No. of 10 4 10' 10 2 10 1 io° io° grown any longer, and disappeared 5 days later, bacteria was 

acterla not observed from 3 days after. 

: sulfamic acid was introduced after NaOCl and NaBr were 65 After 30 days storage, very strong slime plugs were 

wording to the teachings of '487 patent formed in sample 6, while any slime has not been found in 
sample 7. 
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In addition, Sample No. 6 demonstrated less-effectiveness 
for algae than for bacteria and funges. 

EXAMPLE 4 

Effects of NaBr Amount on Free Halogen Residual Con- 
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NaOCl was stabilized with sulfamic acid and the stabi- 
lized NaOCl was introduced into an aqueous system to be 
treated and then to the aqueous system was added NaBr. The 
change of concentration of free halogen residual depending 
on the NaBr amount added has been observed for 7 days i 
after the addition. 

The date appears in Table 4, below. 

TABLE 4 



The above Table 4 shows that, according to the present 
invention, the concentration can be maintained even when 35 
the amount of NaBr is decreased. Thus, the amount of 
expensive bromide ion source can be reduced while main- 
taining the concentration of free halogen residual. 

We claim: 

1. A method for controlling microbial fouling comprising 40 
introducing hypobromous acid(HOBr), formed by the reac- 
tion between hypochlorous acid from a hypochlorous acid 
source and a bromide ion from a water soluble bromide ion 
source, to an aqueous system where inhibition of the growth 

of microorganism is required, which comprises the step of 45 
first stabilizing the hypochlorous acid by reacting with a 
stabilizer, and then allowing the stabilized hypochlorous 
acid to react with the water soluble bromide ion source to 
form said hypobromous acid, to maintain a level of free 
halogen residual in said system to control said mibrobial so 
fouling. 

2. The method according to claim 1, wherein the 
hypochlorous acid source is selected from the group con- 
sisting of gaseous chlorine and aqueous solution of alkali or 
alkaline earth metal hypochlorites. 55 

3. The method according to claim 2, wherein the 
hypochlorous acid source is an aqueous solu tion of alkali or 
alkaline earth metal hypochlorite. 

4. The method according to claim 1, wherein the 
hypochlorous acid source is an aqueous solution of alkali or 60 
alkaline earth metal hypochlorite, and the stabilizer is added 
into the aqueous solution of alkali or alkaline earth metal 
hypochlorite, and the stabilized alkali or alkaline earth metal 
hypochlorite solution and the water soluble bromide ion 
source or a mixture of the bromide ion source and the 65 
stabilizer are consecutively or simultaneously applied to the 
aqueous system. 



5. The method according to claim 4, wherein the stabilizer 
is added into the aqueous solution of alkali or alkaline earth 
metal hypochlorite to form a stabilized alkali or alkaline 
earth metal hypochlorite, and so formed stabilized alkali or 
alkaline earth metal hypochlorite and the water soluble 
bromide ion source are consecutively or simultaneously 
applied to the aqueous system. 

6. The method according to claim 4, wherein the alkali or 
alkaline earth metal hypochlorite is sodium hypochlorite, 
and the bromide ion source is sodium bromide. 

7. The method according to anyone of claims 4 and 5, the 
aqueous system is a cooling water tower, an air cleaner, a 
swimming pool, a spas, an industrial water system, a laundry 
detergents, a bleaching agent, a recycling water system, an 
oil field water, a sweet water, a gas scrubber system or a 

8. The method according to any one of claims 2 to 5, 
wherein the alkali or alkaline earth metal hypochlorite is 
selected from the group consisting of sodium hypochlorite, 
potassium hypochlorite, lithium hypochlorite, magnesium 
hypochlorite, calcium hypochlorite and mixtures thereof. 

9. The method according to claim 1, wherein the bromide 
ion source is selected from the group consisting of sodium 
bromide, potassium bromide, lithium bromide, hydrobromic 
acid, and mixtures thereof. 

10. The method according to claim 1, wherein the stabi- 
lizer is selected from the group consisting of amide deriva- 
tives of carbonic acid, hydrogen cyanide, carboxylic acid, 
amino acid, sulfuric acid, phosphoric acid and boric acid. 

11. The method according to claim 10, wherein the 
stabilizer is selected from the group consisting of urea, 
thiourea, creatinines, cyanuric acids, alkyl hydantoins, 
mono- or di-ethanolamine, organic sulfonamides, biuret, 
sulfamic acid and salts thereof, organic sulfamic acid and 



12. The method according to claim 11, wherein the 
stabilizer is sulfamic acid. 

13. A method of controlling microbial fouling in aqueous 
system comprising: 

(a) mixing an aqueous solution of alkali or alkaline earth 
metal hypochlorite having from about 5 percent to 
about 70 percent of active chlorine with a stabilizer 
selected from the group consisting of amide derivatives 
of carbonic acid, hydrogen cyanide, carboxylic acid, 
amino acid, sulfuric acid, phosphoric acid, and boric 
acid in a molar ratio of stabilizer to alkali or alkaline 
earth metal hypochlorite of from 1:9 to 9:1 to form 
stabilized alkali or alkaline earth metal hypochlorite; 

(b) consecutively or simultaneously applying the stabi- 
lized alkali or alkaline earth metal hypochlorite formed 
in the above step (a) and a water soluble bromide ion 
source selected from the group consisting of sodium 
bromide, potassium bromide, lithium bromide, hypo- 
bromic acid and mixtures thereof to the aqueous system 
in a quantity to maintain the level of free halogen 
residual within a range between 0.05-10 ppm. 

14. The method according to claim 13, wherein the alkali 
or alkaline earth metal hypochlorite is mixed with the 
stabilizer in a molar ratio of 1:1. 

15. The method according to claim 13, wherein the alkali 
or alkaline earth metal hypochlorite is selected from the 
group consisting of sodium hypochlorite, potassium 
hypochlorite, lithium hypochlorite, magnesium 
hypochlorite, calcium hypochlorite, and mixtures thereof. 

16. the method according to claim 13, wherein the stabi- 
lizer is selected from the group consisting of urea, thiourea, 
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creatinones, cyanuric acids, alkyl hydantoins, mono- or 
di-ethanolamine, organic sulfonamides, biuret, sulfamic acid 
and salts thereof, organic sulfamic acid and melamine. 

17. The method according to anyone of claims 13 to 16, 
wherein the alkali or alkaline earth metal hypochlorite is : 
sodium hypochlorite, and the bromide ion source is sodium 
bromide, and the stabilizer is sulfamic acid. 

18. The method according to anyone of claims 13 to 16, 
wherein the aqueous system is a cooling water tower, an air 
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cleaner, a swimming pool, a spas, an industrial water system, 
a laundry detergents, a bleaching agent, a recycling water 
system, an oil field water, a sweet water, a gas scrubber 
system or a water slide. 

19. The method according to claim 13, the concentration 
of free halogen residual in the aqueous system is within a 
range between 0.2-2 ppm. 
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DECLARATION OF B. GARY McKINNIE 

I, B. Gary McKinnie, declare as follows: 

I. GENERAL BACKGROUND 

1. My educational background is as follows: 

I received a B.S. degree in Chemistry from Northeast Louisiana University, 
Monroe, Louisiana in 1969. I received a Ph.D. in Organic Chemistry from Lousiana 
State University, Baton Rouge, Louisiana in 1975. I pursued post-doctoral studies 
from August 1975 to August 1976 at the University of Georgia, Athens, Georgia and 
from August 1976 to April 1977 at the University of Illinois, Champaign-Urbana, 
Illinois. 

2. My work history is as follows: 

I was employed by Ethyl Corporation ("Ethyl") starting in 1977. When Ethyl 
divested itself of Albemarle Corporation ("Albemarle"), I joined Albemarle and I 
have been employed by Albemarle continuously to the present time. 

3. I have held various technical titles within Ethyl / Albemarle Corp. (Chemist, Senior 
chemist, Specialist, Senior Specialist, Advisor, Senior Advisor) and in 2000 was 
promoted to Distinguished Advisor. 

4. Since 1983 I have conducted research and development of processes for producing 
bromine, brominated flame retardants and other bromine-related products. Since 
2000 1 have carried out research and development work on processes for making 
bromine-based biocides. 

5. A list of my patents and publications is appended hereto as Appendix A. 

II. MATERIAL COMMON TO ALL THREE INTERFERENCES 
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Moore EXHIBIT 1001 
Yang v. Moore 

Interference 105,22; 105,223 and 105,230 



d. Accordingly, the two moles of hydroxide would be neutralized by the H + 
generated by HBr dissociation and acidic N-hydrogen dissociation. 

e. Support for the impossibility of practicing claim 25 using an acidic 
halogen stabilizer can be found in Example III of the '267 patent 
specification, which indicates that even at a molar ratio of approximately 
1:1:3, the pH of the mixed solution was less than 13 (specifically, 12.5). 
EXHIBIT 1017, col. 6, i. 65-col. 7, 1. 12. 

47. It would be impossible to prepare a "caustic solution" called for in claims 14-15 and 
25 of the '267 patent if an alkaline earth metal hydroxide is used as the only 
hydroxide source. 

a. As noted above, the "caustic solution" prepared in step 1 has a pH higher 
than 14. 

b. The low solubility of alkaline earth metal hydroxides in water makes it 
impossible to produce an aqueous solution having a pH greater than or 
equal to 13 when alkaline earth metal hydroxide is the only hydroxide 
source. 

Method 3 (Claims 27-28 of the '267 Patent) 

48. The portions of the '267 patent specification at col. 3, 11. 25-45 and col. 7, 11. 27-45 
relate to Method 3, the subject of the processes recited in claims 27-28. EXHIBIT 
1017. 

49. The theoretical maximum N-bromo compound, calculated as active bromine content 
in parts per million (wt/wt) for an aqueous formulation produced using Method 3, 
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a- U-S. Patent No. 3,558.503 (Goodenough et al.) 

96. U.S. Patent No. 3,558,503 (hereafter, the "Goodenough et al.") teaches preparation of 
novel bromine solutions and processes for preparing them that are resistant to 
degradation and/or decomposition of the bromine values contained therein 
(EXHIBIT 1003, column 1, line 13-22). 

97. Goodenough et al. claims an aqueous bromine solution comprising from about 0.01 
to about 100,000 parts per million by weight bromine values wherein the bromine 
stabilizer is biuret, succinimide, urea and lower aliphatic mono- and disubstituted 
ureas containing 2-4 carbon atoms in each substituent group, sulfamic acid, and a 
subgenus of alkyl sulfonamides. EXHIBIT 1003, col. 5, 11. 21-32. The claimed 
solutions further contain sufficient alkali or alkaline earth metal hydroxide additive to 
provide a pH in the range of about 8 to about 10. EXHIBIT 1003, col. 5, 11. 32-37. 

98. Goodenough et al. defines "bromine values" as active oxidizing species including 
HOBr, BrO" and Br 2 . EXHIBIT 1003, col. 1, 11. 36-38. 

99. The definition used by Goodenough et al. for bromine values is the same as that used 
for the term "active bromine content" in the Moore applications. Thus, for example, 
a solution having a bromine value of 50,000 according to Goodenough et al. is the 
same as an aqueous solution having an active bromine content of 50,000 ppm 
according to the Moore applications. 

100. Goodenough et al. teaches that the order of addition of the three reactants 
(bromine, halogen stabilizer and metal hydroxide) to water is not critical for 
producing stablized aqueous bromine solutions. EXHIBIT 1003, col. 2, 11. 7-12. 
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101. The working examples in the Goodenough et al. patent describe only two 
different orders of addition of the reactants. EXHIBIT 1003, Example 3 (col. 4, 1. 
33- col. 5, 1. 15). In the first method the bromine is mixed into an aqueous solution 
consisting of water, the bromine stabilizer and alkali or alkaline earth metal 
hydroxide. EXHIBIT 1003, Example 3 (col. 4, 1. 33- col. 5, 1. 15). "Solution A" of 
Example 3 in the specification was prepared by this method using sulfamic acid as the 
halogen stabilizer and magnesium hydroxide as the base. EXHIBIT 1003, col. 4, 11. 
66-69. In the second method, alkali or alkaline earth metal hydroxide is mixed into 
an aqueous solution containing bromine and the bromine stabilizer. "Solution B" of 
Example 3 was prepared by this method using sulfamic acid as the halogen stabilizer 
and magnesium hydroxide as the base. EXHIBIT 1003, col. 4, 11. 69-72. 

102. Goodenough et al. states that solutions "A" and "B" were stored in brown 
ultraviolet light-screening bottles. EXHIBIT 1003, col. 5, 11. 1-2. Storage in such a 
bottle indicates an attempt to maximize residual bromine values (see paragraph 15 
and 15.a, above), which would have been associated with storage at or below room 
temperature (see paragraph 16, above). In any event, due to the exothermic nature of 
bromine addition to alkaline sulfamate solutions, some cooling would necessarily 
occur, absent storage at an increased temperature. See paragraph 14, above. 

103. The bromine values for "Solution A" and "Solution B" differed by only a few 
percent and were at or below 10,000 ppm. EXHIBIT 1003, col. 4, 1. 73-col. 5, 1. 7. 

104. Goodenough et al. does not describe an aqueous bromine solution comprising 
greater than about 100,000 parts per million by weight bromine values wherein the 
bromine stabilizer is sulfamic acid. 
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105. Goodenough et al. does not teach that an aqueous bromine solution comprising 
greater than about 100,000 parts per million by weight bromine values can be 
produced using any method described in the '503 patent. 

106. I have been asked what the pH of an aqueous suifamate solution would be prior to 
bromine addition according to the order of reactant addition used to produce Solution 
A of Example 3 of Goodenough, wherein the hydroxide source is sodium hydroxide 
(NaOH), the halogen stabilizer is sulfamic acid, the Final pH is between 8-10, and the 
active bromine content in the final solution is 100,000 ppm. I have also been asked to 
determine the overall molar ratio of Br 2 :sulfamic acid:NaOH which would be 
required to produce these solutions. 

a. On a theoretical basis, based on the reactions which are believed to occur, 
one can work backward from the equation used to calculate the theoretical 
maximum active bromine content. 

b. Attached as Exhibit B (EXHIBIT 1019) is a table showing the amounts 
(in grams) of each of the reactants which would be necessary to achieve 
100,000 ppm active bromine content assuming 100% yield was achieved. 
According to the calculations, regardless of the Br 2 /N ratio used and the 
final pH selected, the pH of the aqueous alkali metal suifamate solution 
would be around 13.9 prior to bromine addition. EXHIBIT 1019, p. 1 
and 2, data labeled "pH prior to Bromine addition". 

c. The amount of excess NaOH required to achieve a final pH between 8 and 
10 is minimal in comparison to the total amount of NaOH required in the 
reactions. Thus, for a Br2/N=2.0, the molar ratio is approximately 2:1:3, 
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regardless of final pH. For a Br2/N=1.0, the molar ratio is approximately 
1:1:2 (again, regardless of final pH). For a Br2/N=0.5, the molar ratio is 
approximately 1:2:3 (again, regardless of final pH). 
b. U.S. Patent 3.147.259 
107. U.S. Patent No. 3,147,259 (hereafter, the "'259 patent") teaches a process for 
preparing N-brorno compounds compounds containing only bromine, from N- 
hydrogen compounds containing at least one radical selected from the group 
consisting of 



O 0 0 



NH 2 



- c -NH 2 _ C _N- C - -S0 2 NH 2 ~C=N- 

o o 

II H 1 I H || H | 

-C-N-C- -c-N-c-N-C- 

EXHEBIT 1012, col. 2, 11. 36-54. 

108. As described in the '259 patent, the general prior art method for preparing N- 
bromo compounds from an N-hydrogen compound containing a primary or secondary 
amine radical was to add bromine to an aqueous alkaline solution containing the 
halogen stabilizer. (EXHIBIT 1012, col. 1, 1. 56-col. 2, 1. 3 and col. 2, 11. 36-42). 

109. Use of the prior art method to brominate an N-hydrogen compound containing a 
single secondary amine, amide or imide radical results in an overall reaction as 
follows: 



^N-H + NaOH ►^N-Br + NaBr + H 2 0 (1) 
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ascribe the difference in reaction enthalpies to a bonding inter- 
action more favorable in CuT than in H[CuT] compared with 
the change in overall bonding between Cu(EDTA) 2 " and H[Cu- 
(EDTA)]~. This might result from a reorientation of metal-ligand 
bonds in the CuT" species resulting in either release of strain or 
more effective metal-ligand interaction. Some internal reorien- 
tation is consistent with the more negative AS" value for H[CuT] 
acidic dissociation compared with that for H[Cu(EDTA)]". Both 
processes restrict internal motion by binding a carboxylate group, 
but this restriction seems larger in the case of H[CuT]. AS" 0 for 
the acidic dissociation reactions consists of contributions from 
several processes: (1) solvent ordering around H + , common to 
both reactions; (2) increased secondary solvation around the copper 
complexes, a process that provides a larger negative contribution 
to H[Cu(EDTA)]~ dissociation than to H[CuT] dissociation; (3) 
positive contributions due to solvent release from the sixth copper 
coordination; (4) loss of internal freedom. Of these factors the 
last might account for the more negative A5° value observed for 
H[CuT] dissociation. That is, differences in solvent binding at 
the sixth copper coordination site might result in a relatively more 
negative contribution to AS" for H [CuT] dissociation. However, 
the sixth coordination position on Cu 2+ is known to be only weakly 
solvated so that differences between weakly solvated sites are not 



likely to provide for the observed result. Consequently, it appears 
possible that some distortion of Cu 2+ ligation occurs upon CuT 
formation. This proposition seems supported by the X-ray 
crystallographic data, which indicate an unusually large trigonal 
distortion in CuT" in which the locus of nitrogen atoms is twisted 
away from the carboxylate locus by about 30° from the idealized 
octahedral orientation. A large trigonal distortion of this kind 
would certainly influence the ligand field near Cu 2+ and might 
profoundly effect the magnitude of the ligand field, thus accounting 
for the unusual difference between spectral properties of H[CuT] 
and CuT". As a final comparison we note that X^ = 660 nm 20 
for aqueous Qi[9]aneN 3 2+ , which we presume exists as a hexa- 
coordinate species. Unfortunately, no crystallographic data is 
available for this complex. Nevertheless it seems unlikely that 
large trigonal distortions would be present and that the similar 
X m „ values of H [CuT] and Cu[9]aneN 3 (H 2 0) 3 2+ reflect ap- 
proximately octahedral coordination. Thus, it appears that the 
large displacement of X^, from 660 nm for H[GuT] to a value 
near 750 nm for CuT results from a substantial distortion of the 
ligand field in CuT, which we connect with a release of strain 
interactions in H[CuT] . The importance of these interactions is 
consistent with thermodynamic, X-ray crystallographic, and 
spectral evidence. 
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The rate expression for the oxidation of bromide by HOC1 and OC1" is -d[OCr] T /d/ = *HAtHA]FOCn T [Bri, where fOCl-] T 
= [OC1-] + [HOC1] and HA is a general acid (H 2 0, HPO* 2 ", HCOf, CH 3 COOH, CICHaCOOH, or H 3 0+). The *ha value 
for H 3 0 + + OC1" + Br" is 3.65 X 10"> M" 2 s" 1 (this path requires HOC1 as an intermediate), while the k HK value for H 3 Q + + 
HOC1 + Br is 1.32 X 10 6 M" 2 s" 1 . In terms of second-order expressions, the rate constant for HOC! and Br is 1.55 X 10' M" 1 
s while the rate constant for OC1" + Br" is only 0.90 X 10" 3 M"> s" 1 . The proposed mechanism for the acid-assisted reactions 
(except for H 3 0 + + OC1") is a simultaneous proton transfer (from HA to OC1" or to HOC1) and Cl + transfer to Br (to give BrCi; 
which reacts rapidly to give OBr" or Br 2 and Brj"). The Bransted a value is 0,75 for the reactions of HA with OCT and Br- 
and the a value is 0.27 for the reactions of HA with HOC1 and Br. The a values reflect the degree of proton transfer in the 
transition state. 



Introduction 

Many non-metal redox reactions take place by atom-transfer 
or ion-transfer processes. However, much less attention has been 
paid to the kinetics and mechanisms of these reactions than to 
electron-transfer reactions. This lack of study may have left the 
impression that the reactions are well understood. In reality, 
detailed knowledge of non-metal redox reaction kinetics and 
mechanisms is limited. 

The oxidation of bromide ion by hypochlorite ion was studied 
by Farkas, Lewin, and Bloch 1 in the pH range 10.8-13.2 under 
second-order conditions. They verified the stoichiometry of eq 
1 and studied the progress of the reaction by tritrimetric methods. 

OCl" + Br OBr + Cr (l) 

They reported the rate-determining step to be the reaction between 
HOC1 and Br with a rate constant of 2.95 X 10 s M _I s" 1 at 25 
°C. Their proposed mechanism (eq 2-4) implies nucleophilic 

OCl- + HjO j± HOC1 + OH" (2) 

HOC1 + Br" — HOBr + CI' (3) 

HOBr + OH" +± OBr + H 2 0 (4) 



(1) Farkas, L.; Lewin, M.; Bloch, R. J. Am. Chem. Soc. 1949, 71, 
1988-1991. 



attack by Br" at oxygen, which is equivalent to an OH + transfer 
between CI" and Br. 

Recent studies in our laboratory indicate that Cl + transfer 
occurs in the reactions of NH 2 Cl and NHClj with iodide 2 and 
in the reaction of NH 2 C1 with sulfite. 3 All of these reactions are 
general-acid assisted. (General-acid-catalyzed reactions can be 
considered to be a special case of general-acid-assisted reactions 
in which no acid is consumed or released.) The reaction of OC1" 
with I' is also general-acid assisted and appears to have a Cl + - 
transfer mechanism. 2 We propose IC1 as an intermediate in all 
the reactions with iodide. Recent pulsed-accelerated-flow studies 4 
show that the reaction between IC1 and I" to form I 2 and If is 
extremely rapid. 

Eigen and Kustin 5 determined the kinetics of halogen hydrolysis 
by temperature-jump relaxation methods. Their work shows that 
H 3 0^ assists the rate of reaction between Br and HOBr to form 
Br 2 . Thus, H 3 0 + might well be expected to assist the reaction 
between Br" and HOC1, but this has not been studied previously. 

In the present work, we report the kinetics of the reaction in 
eq 1 in base (from 0.45 M NaOH to pH 9.5) and show that the 



(2) Kumar, K.; Day, R. A.; Margerum, D. W. Inorg. Chem. 1986, 25, 
4344-4350. 

(3) Yiin, B. S.; Walker, D. M.; Margerum, D. W., submitted for publication 
in Inorg. Chem. 

(4) Margerum, D. W.; Dickson, P. N.; Nagy, J. C; Kumar, K.; Bowers, 
C. P.; Fogelman, K. D. Inorg. Chem. 1986, 25, 4900-4904. 

(5) Eigen, M.; Kustin, K. J. Am. Chem. Soc. 1962, 84, 1355-1361. 
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General-Acid-Assisted Oxidation of Bromide 

Table I. Absorption Spectral Characteristics of Halogen Species 
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OCl" 
OBr 
HOC1 
HOBr 



NaOH Solutions 



'Grey, E. T. Ph.D. Thesis, Purdue University, West Lafayette, IN, 
1977. 'Soulard, M.; Block, F.; Hatterer, A. J. Chem. Soc. Dalton 
Trans. 1981, 2300-2310. c Anbar, M.; Dostrovdky, I. J. Chem. Soc. 
1954,1105-1108. ''Reference 7. 

Table II. Protonation, Hydrolysis, and Formation Constants 



equilibrium 


K 


ref 


OCl" +H*vt HOC1 


2.75 X 10' 


13 


OBr + H* fa HOBr 


5 X 10« 


5 


OCl" + H : 0 HOC1 + OH- 


5.2 x lfr 7 




Cl 2 + H 2 0 ta HOC1 + H + + CI - 


1.0 x 10 -3 


13 


Br 2 + H 2 0 *± HOBr + H + + Br 


4.4 x io-» 


5 


Br 2 + Br Brf 


17 


5 


BrCl + H 2 0 n HOBr + H + + Cl" 


2.95 X 10" ! 


b 


H 2 0 a H + + HO- 


1.82 x irr> 4 





reaction is general-acid catalyzed. The kinetics of the reaction 
of HOC1 with Br" (eq 5 and 6) is studied in acid (from P H 5.3 

H + + HOC1 + 2Br" — Br 2 + CI" + H 2 0 (5) 

Br 2 + Br *± Brf (6) 

to 1.0) and is shown to be general-acid assisted. We propose that 
these reactions occur by transfer of Cl + to give BrCl as an in- 
termediate. Bromine chloride is a known compound that can be 
prepared in nonaqueous solutions by the reaction of W-chloro- 
succinimide and bromide. 6 In aqueous solutions BrCl is not stable, 
but in high concentrations of chloride, BrClf forms readily. 7 
Experimental Section 

Reagents. A 5% (Baker) or 10% (Mallinckrodt) solution of sodium 
hypochlorite was used as the source of hypochlorite or hypochlorous acid. 
Stock solutions of hypochlorite were standardized by the measurement 
of the absorbance of OCl" at 292 nm (Table I) or by the formation of 
h~ " 353 nm, e »= 26400 M" 1 cm-')" after the addition of excess 
iodide and acid. Solutions of sodium bromide (MCB) were standardized 
by argentimetric titrations' with 5% potassium chromate as an indicator. 

Sodium perchlorate, prepared from Na 2 C0 3 and HCI0 4 , was used to 
maintain the ionic strength of the solutions at n = 0.5 M. Reagent grade 
acids, bases, and buffers were used. Distilled deionized water was used 
for the preparation of solutions. All solutions were freshly prepared to 
avoid any complication due to decomposition of hypochlorite or hypo- 
chlorous acid. The distribution of protonated, unprotonated, and hy- 
drolyzed species was calculated from the equilibrium data given in Table 
II. 

Methods. Absorbance measurements were made with a Perkin-Elmer 
Model 320 spectrophotometer interfaced to a Perkin-Elmer 3600 data 
station. Solution pH values were measured with a Corning Model 
476051 combination glass electrode and an Orion Model 601 pH meter. 
All pH values were corrected to give -log [H + ] values at 25.0 °C and 
H = 0.5 M, based on the electrode titrations with standard solutions of 
NaOH and HC10 4 . Gran plots 10 were used in the calibration of the 
electrodes. 

All reactions were run under pseudo-first-order conditions with Br 
in large excess. In base, the rates of the reaction were monitored by the 
disappearance of OCl" at 292 nm with the Perkin-Elmer spectropho- 
tometer. Reactions were followed for at least 4 half-lives, and 250 data 



(6) Wilbur, D. S.; Anderson, K. W. J. Org. Chem. 1982, 47, 358-359. 

(7) Bell, R. P.; Pring, M. J. Chem. Soc. A 1966, 1607-1609. 

(8) Awtrey, A. D.; Connick, R. E. J. Am. Chem. Soc. 1951, 73, 1842-1843. 

(9) Kolthoff, I. M.; Sandal!, E. B.; Meehan, E. J.; Brukenstein, S. Quan- 
titative Chemical Analysis, 4th ed.; Macmillan: London, 1969; p 796. 

(10) Rossotti, F. J. C; Rossotti, H. J. Chem. Educ. 1965, 42, 375-378. 



0.100 




(1.90 ± 0.01) X 10 -4 


0.100 


0.350 


(2.09 ± 0.01) X 10" 4 


0.100 




(2.41 ± 0.01) X 10" 4 


0.100 


0.250 


(2.65 ± 0.01) X 10" 4 


0.020 


0.0972 


(2.12 ± 0.08) X 10" 4 


0.030 




(2.57 ± 0.01) X 10" 4 


0.200 




(1.87 ± 0.01) X 10" 3 




00493 


(1.731 i 0.003) X 10~* 


0.020 


0.0493 


(2.705 ± 0.004) X 10- 4 


0.080 


0.0493 


(1.28 ± 0.01) X 10" 3 




0.0493 


(1.42 ± 0.01) X 10" J 


0 150 


0.0493 


(2.037 ± 0.001) x 10" } 


0.200 


0.0493 


(2.738 ± 0.002) X 10" 3 


0.250 


0.0493 


(3.14 ± 0.01) X 10~ 3 


0.020 


0.0756 


(1.942 ± 0.002) X 10" 4 


0.020 


0.0256 


(5.783 ± 0.003) X 10" 4 




0.0106 


(1.278 ± 0.003) X 10" 3 


0020 


0.0056 


(2.410 ± 0.002) X 10~ 3 




Buffer Solution* 


[Br], M 


-log [H+] 


[buffer] T , M fc obKl , s" 1 


0.020 


10.99 


0.025 (P) 0.016 ± 0.001 


0.050 


10.99 


0.025 (P) 0.035 ± 0.005 


0.080 


10.99 


0.025 (P) 0.055 ± 0.002 


0.100 


11.01 


0.025 (P) 0.066 ± 0.001 


0.120 


10.99 


0.025 (P) 0.091 ± 0.005 


0.150 


10.99 


0.025 (P) 0.107 ±0.005 


0.050 


10.97 


0.0125 (P) 0.0305 ± 0.0006 


0.050 


11.01 


0.050 (P) 0.043 ± 0.001 


0.050 


11.01 


0.0625 (P) 0.045 ± 0.002 



0.100 
0.100 
0.100 
0.100 



0.005 (C) 
0.0125 (C) 
0.025 (C) 
0.0375 (C) 
0.0625 (C) 
0.075 (C) 
0.100 (C) 



points were collected for a least-squares linear regression analysis of In 
(A, - A,) vs. time, where A. and A, are the final absorbance and the 
absorbance at any time, respectively. First-order rate constants are given 
in Table III with the standard deviations for individual runs. Under 
acidic conditions, the reactions were monitored by following the forma- 
tion of Br 2 at 390 nm or the formation of Br 3 ' at 266 nm. At 390 nm, 
both Br 2 and Br 3 " (e = 600 M" 1 cm -1 ) contribute to the absorbance. The 
formation equilibrium constant for Br 3 " is 17 M" 1 . Absorbance vs. time 
data were obtained for more than 4 half-lives with a Durrum stopped- 
flow spectrometer interfaced to a Hewlett-Packard computer (HP 
2100S). 11 First-order rate constants {k M , s" 1 ) were determined from 
least-squares linear regression analysis of 250 data points. The first-order 
rate constants in Table IV are given for the average of at least five runs 
for each set of conditions with the standard deviations for these runs. 
Experimental rate constants (k' oM ) larger than 80 s" 1 were corrected for 
mixing effects' 1 in accord with eq 7, where k m is 1700 s"'. The corrected 
values are given in Table IV. 

**d-*'«w/[l-(*WU] V) 

Commercial hypochlorite solutions are prepared from chlorine and 
NaOH and therefore contain approximately equimolar chloride ion 
concentrations. For the studies under acidic conditions, the HOC1 so- 
lution was adjusted initially to pH 5 so that the Cl 2 formation (eq 8) was 

HOC1 + H + + CI' *± Cl 2 + H 2 0 (8) 



negligible (Table II). The forward ai 



(1 1) Willis, B. G.; Bittikofer, J. A.; Pardue, H. L.; Margerum, D. W. Anal. 
Chem. 1970, 42, 1340-1349. 

(12) Dickson, P. N.; Margerum, D. W. Anal. Chem. 1986, 18, 3153-3158. 
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Table IV. Pseudo-First-Order Rate Constants for the Oxidation of 
Bromide by Hypochlorous Acid" 

Buffer Solutions 4 



[Br], M -log [H+] [buffer] T , M s' 1 



0.010 


5.23 


0.05 (A) 


24.7 ± 0.4 


0.020 


5.22 


0.05 (A) 


46.1 ± 0.5 


0.050 


5.22 


0.05 (A) 


115 ±4' 










0.0050 


4J8 


0.01 (A) 


10.83 ± 0.07 


0.0050 


4.78 


0.02 (A) 


11.27 ±0.13 




4.78 


0.05 (A) 


12.58 ± 0.05 


00050 


4.78 


0.10 (A) 


14.65 ± 0.06 




4.78 


0.20 (A) 


18.8 ± 0.8 


0.0050 


2.90 


0.01 (C) 


16.6 ± 0.2 


0.0050 


2.87 


0.025 (C) 


19.44 ± 0.08 


0.0050 


2.85 


0.050 (C) 


22.2 ± 0.5 




2.84 


0.100 (C) 


27.8 ±0.4 


00050 


2.83 


0.125 (C) 


30.0 ± 0.4 
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10 3 [H + ], M 


*** J" 1 


0 0020 — 




1.063 


6.33 ± 0.05 


0.003 




1.063 


9.75 ± 0.06 


0.004 




1.063 


12.7 ± 0.2 


0.005 




1.063 


16.3 ± 0.3 


0.010 




1.063 


31.7 ± 0.4 


0.020 




1.063 


63.2 ± 0.7 


0.005 




1.59 


19.6 ± 0.2 


0.005 




2.66 


26.4 ± 0.3 


0.005 




5.84 


45.1 ± 0.4 


0.005 




11.16 


81 ± T 


0.005 




21.79 


154 ± V 



' [HOC1] = (0.5-6.00) X 10" 4 U,n = 0.5 M (NaC10„), 25.0 "C, \ 
= 266 or 392 nm. 'Buffers used are A = acetic acid and C = chloro- 
acetic acid. 'Rate constants are corrected for mixing. 12 



are 2.8 X 10 4 M" J s~' and 28.6 s" 1 at /i = 0.5, 25.0 "C. 13 Under all 
conditions, the calculated rate of formation of Cl 2 was less than the 
observed rate of formation of Br 2 . 
Results and Discussion 

Reaction of Bromide with Hypochlorite in Base. Farkas et al. 1 
used second-order unequal-concentration conditions, variable ionic 
strength (0.030-1.049), and a limited pH range (10.8-13.2) to 
measure the rate of reaction 1 . They monitored the reaction by 
withdrawal of aliquots of the reaction mixture, followed by a 
dual-titration procedure to distinguish OC1" from OBr. The data 
were fit to the rate expression -d[OCr]/dt = fc[HOCl][Br]. 
They extrapolated the experimental data to zero ionic strength 
to obtain a value of 2.95 X 10 3 M _1 s _1 for k at 25 °C, based on 
a K„ value of 3.2 X 10"" 8 for HOC1. In the present work, reaction 
1 is studied at constant ionic strength (0.50) under pseudo- 
first-order conditions with bromide ion in large excess. The 
bromide concentration is varied from 0.10 to 0.250 M, and the 
hydroxide ion concentration is varied from 0.0056 to 0.450 M 
(Table III). Individual reactions give excellent first-order plots, 
and the fc oiMd values are proportional to the Br concentration 
(Figure 1). The fc obKf values are inversely proportional to OH~ 
concentration but have a small intercept (Figure 2). Farkas 1 did 
not observe a hydroxide-independent term, because of the limi- 
tations of the method of observation and the variation in ionic 
strength. Our experimentally observed rate expression is given 
in eq 9, where k 0 = (0.9 ± 0.1) X 10~ 3 M" 1 s" 1 and fc, = (6.64 

-d[OCl-]/d? = [*„ + ^/[OH-DUBr-HOCl-] (9) 

± 0.09) X 10 -4 s -1 at 25.0 °C. The base-dependent rate constant 
can be expressed in terms of [H + ], k H = k^K^ = 3.65 X 10 10 
M" 2 s-' (pK w = 13.74 at ft = 0.5, 25.0 °C), 13 or in terms of a 



(13) Margerum, D. W.; Gray, E. T.; Huffman, R. P. In Organometals and 
Organometalloids, Occurrence and Fate in the Environment; Brinck- 
man, F. E„ Bellama, J. M., Eds.; ACS Symposium Series 82; American 
Chemical Society: Washington, DC, 1978; pp 278-291. 
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Figure 1. Pseudo-first-order rate constants (25.0 °C, n = 0.50) for the 
reaction of OC1" and Br in base: (A) 0.0493 M NaOH; (B) 0.0972 M 
NaOH. 
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Figure 2. Inverse hydroxide ion dependence of fcob«i/[Br] for the reaction 
of OCl" + Br" in base (25.0 °C, n = 0.50). The insert shows k = 
*<W[Br] at high hydroxide concentrations, where the intercept is the 
small hydroxide-independent rate constant, k a = 0.9 X 10" 3 M _I s"'. 

second-order rate constant ofl.32 x 10 3 NT 1 s" 1 for the reaction 
of HOC1 (ptf, = 7.44). Thus, HOC1 is 1.5 X 10« times more 
reactive than OCr in its reaction with Br. 

The rate of reaction 1 is increased by an increase in buffer 
concentration at constant hydrogen ion concentration, as seen in 
Table III for hydrogen carbonate and hydrogen phosphate. This 
behavior is consistent with our previous studies, 2 and the data can 
be fit to eq 10 and 1 1, where HA is the acid form of the buffer, 

= (*o + *h[H + ] + *HA[HA])[Br-] (10) 
(**d - *o)/([H + ][Br]) = * H + *HA[tafler] T /(X. + [H + ]) 
(11) 

[buffer] T is the total buffer concentration, and k^ is the gen- 
eral-acid-catalyzed rate constant. Figure 3 shows the general- 
acid catalysis effect for HCO3-, k^. - (1.25 ± 0.15) X 10 2 NT 2 
s-', and for HPO4 2 -, *ha = 8.9 ± 1.3 M" 2 s" 1 . 

Acid- Assisted Reactions of Bromide with Hypochlorous Acid. 
Equations 5 and 6 give the stoichiometry in acid, where the 
formation of Br 3 " (or BrJ is followed by stopped-flow methods. 
The pseudo-first-order rate constants (Table IV) are directly 
proportional to the bromide concentration (Figure 4), but are now 
much larger because HOC1 is the dominant species. Despite the 



General-Acid-Assisted Oxidation of Bromide 




o i 1 ' 1 ' 1 

0 5 10 15 20 25 

lCT'CCO,*"] r / <K„+ EH*] ) 
Figure 3. Plot of eq 1 1 for the general-acid-catalyzed reactions of OC1* 
+ Br by HP0 4 J - (top) and HCOf (bottom). 




0 0.02 0.04 O.OB 

IBr'l . M 

Figure 4. Pseudo-first-order rate constants (25.0 "C, fi = 0.50) for the 
reaction of HOC1 and Br: (A) [H + ] = 1.063 X 10' 3 M; (B) -log [H + l 
= 5.22 (0.05 M acetate buffer). 

fact that additional acid is not needed to give HOC1, the rates 
again increase with the concentration of general acids (eq 12). 

rate = (&'+ fc' H [H + ] + fc' HA [HA])[Br] [HOC1] (12) 

The large increase in the second-order rate constant (for the HOC1 
reaction with Br) with increase in H 3 0 + concentration is shown 
in Figure 5. The intercept, k'= 1.55 X 10 3 M" 1 r 1 , is in excellent 
agreement with the value of 1.45 X 10 3 M" 1 s" 1 calculated for this 
rate constant from the high-pH data. The slope in Figure 5 gives 
a k' H value of 1 .32 X 10 6 M~ 2 s" 1 for the reaction of H + + HOC1 
+ Br. 

The rates of reaction between HOC1 and Br also increase in 
the presence of acetic acid and chloroacetic acid (Figure 6). The 
intercepts differ in this figure because different concentrations 
of H 3 0 + are present in the two cases. The k' Hk values, obtained 
from the slopes in Figure 6, are (2.09 ± 0.01) X 10 4 M~ 2 s" 1 for 
CH3COOH and (6.1 ± 0.3) X 10 4 M' 2 s" 1 for ClCH 2 COOH. 

Figure 7 shows the calculated dependence of the second-order 
rate constant between [Br] and [OCr] T from 1 M H 3 0 + to 1 
M OH", when no buffers are present (eq 1 3). At pH 14 the rate 
* = W[Br] = 

(*b + *h[H + ) + fc' H K„[H + ] 2 )/(l + K H [R + ]) (13) 
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Figure 5. Dependence of the second-order rate constant (HOC1 + Br) 
on HCIO4 concentration. 
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Figure 6. Dependence of the second-order rate constant (HOC1 + Br) 
on the concentration of general acids. 
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Figure 7. Dependence of the second-order rate constant (in terms of 
[OCl~] T and [Br]) on the acidity (without buffer catalysis effects). 

is due mostly to the reaction of OCr and Br. From pH 3 to 13 
the rate is carried by HOC1 + Br, but the pAT a of HOC1 (7.44) 
affects the observed rate constant. Below pH 2 the rate increases 
due to the reaction of H + with HOC1 and Br. 

Bronsted Relationship. The buffer-catalyzed rates for these 
reactions increase with the strength of the general acids that are 
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Table V. Third-Order General-Acid-Catalyzed Rate Constants (M" 2 
s" 1 ) for the Oxidation of Bromide by Hypochlorite and Hypochlorous 
Acid" 



HA 



P*. 



H 3 0 + -1.72* (3.65 ± 0.05) X 10 10 (1.32 ± 0.03) X 10 s 

CICHjGOOH 2.6' (6.11 ± 0.34) X 10 4 

CH3COOH 4.6'' (2.09 ± 0.01) x 10 4 

HCOf 9.8' (1.25 ±0.15) x 10 2 

HPO4 2 - ll.y 8.9 ±1.3 

H 2 0 15.52* (1.6 ± 0.3) x 10" s 27.9 ± 5.5 

"25.00 "C, n = 0.5 M. 'Reference 14, p 300. 'Martell, A. E.; 
Smith, R. M. Critical Stability Constants; Plenum: New York, 1982; 
Vol. 5, p 287. 'Feldman, I.; Koval, L. Inorg. Chem. 1963, 2, 145-150. 
'Maclnnes, D. A.; Belcher, D. J. J. Am. Chem. Soc. 1935, 57, 
1683-1685. -^Sillen, L. G.; Martell, A. E. Spec. Pubt.—Chem. Soc. 
1964, No. 17, 180. 'Lagerstrom, G. Acta Chem. Scand. 1959, 13, 
722-736. The value is calculated by dividing K w by the water molari- 
ty, 55.5 M. 




present in the solution. The rate constants (Table V) depend on 
the Bronsted relationship 14 in eq 14, where p is the number of 



W/» = G K {K K q/pY 



(14) 



equivalent acidic protons in HA, q is the number of equivalent 
basic sites in A, K t is the acid dissociation constant of HA, G A 
is a proportionality constant, and a is the Bronsted coefficient. 
Figure 8 shows the Bronsted plot for both reaction systems. The 
slope gives an a value of 0.75 for the HA + OC1" + Br reaction, 
while the a value for the HA + HOC1 + Br reaction is 0.27. The 
rate constant for the H 2 0 + OCl" + Br" reaction (the lower 
left-hand point in Figure 8) falls off the Bronsted correlation. If 
the immediate reaction products are OH" + OH" + BrCl, the 
difficulty in generating adjacent hydroxide ions may lower the 
effectiveness of this path. (A least-squares line through the three 
points for H 2 0, HP0 4 2 ", ane HCOf gives an a value greater than 
unity, which is not possible. Even an a value of unity would be 
inconsistent with the experimentally observed general-acid cata- 
lysis.) The a value in the case of other HA + OC1" reactions with 
Br is very close to the value observed in the case of the reaction 
of hypochlorite with iodide. 2 Although the a values are similar, 
the rates are 10 5 faster for iodide as compared to bromide. The 
reactivity of bromide is lower because bromide is a poor nucleophile 
compared to iodide. The much larger a value for HA + OCl" 
+ Br as compared to HA + HOC1 + Br" reflects the larger degree 
of proton transfer to CO" which is a better base than HOC1. The 
pK t value of H 2 OCl + has been estimated to be in the region of 
-3 to -4. 15 



Proposed Mechansisms. General-acid-catalyzed kinetics are 
consistent with the mechanism given in eq 15 and 16 for the 
reactions in base. 

HA + OC1" + Br A" + OH" + BrCl (15) 
BrCl + 20H" 5=£ OBr + CI" + H 2 0 (16) 

The proposed general-acid-assisted mechanism for the reactions 
in acid is given by eq 17-19. 

HA + HOC1 + Br" — A" + H 2 0 + BrCl (17) 
BrCl + Br Br 2 + CI" (18) 
Br 2 + Br ==i Br 3 " (19) 

In these reactions, Cl + is transferred to Br to form BrCl, a 
highly reactive intermediate. The similarity of the reactions of 
OC1", NH 2 C1, and NHC1 2 with I" to the reactions of OC1" and 
HOC1 with Br" strongly suggests a parallel Cl + -transfer mecha- 
nism. 2 The proposed transition states in structures I and II have 



-H*— 6- 



an expanded coordination number for chlorine, which is not at 
all unusual for this atom. The fact that the reactions in eq 1 5 
and 1 7 are general-acid catalyzed requires that proton transfer 
take place as the reactions pass through the transition state. A 
prior proton equilibration step would remove the dependence on 
the concentration of HA and result in catalysis only by H 3 0 + . 
This distinction cannot be made when HA = H 3 0 + , and in this 
case prior protonation is possible to give the reactions in eq 20 
and 21 . The third-order rate constant for H 3 0 + + OC1" + Br" 



OC1" + H 3 0 + 3=£ HOC1 + HjO 
HOC1 + Br" — OH" + BrCl 



(20) 
(21) 



equals 3.65 X 10'° M~ 2 s" 1 . The magnitude of this rate constant 
requires some degree of prior association between two of the 
species, even if the third species reacts with this pair at a diffu- 
sion-controlled rate. Hence, the bimolecular steps in eq 20 and 
21 are suggested and are consistent with the rate constant for 
reaction 21 (1.55 X 10 3 M" 1 s" 1 ) that is measured directly in acid. 
Nevertheless, the H 3 0 + value for the third-order rate constant 
in eq 15 falls on the Bronsted plot with the other general acids. 

An alternate mechanism with transfer of HO + or H 2 0 2+ be- 
tween CI" and Br" is much less likely. It is more difficult to expand 
the coordination of oxygen as compared to chlorine, and the 
transition states in structures HI and IV would be high-energy 



r' 



This path would be expected to have much smaller rate 
as is the case for carbon analogues. 2 Furthermore, it 
clear why protons should necessarily assist oxygen atom 



(15) Arotski, J.; Symons, M. C. R. Q. Rev. Chem. Soc. 1962, 16, 282-297. 
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reactants 



H + + OCl" + Br" 3.65 X 10 10 a 

H + + OCl" + I" 4.4 x 10" b 

H + + HOC1 + CI" 2.8 X 10" c 

H + + HOC! + Br 1.3 X 10 6 a 

H + + HOBr + Br 1.6 X 10'° d 

H* + HOI + I" 4.4 X 10 1J d 

"This work. * Reference 2. 'Reference 13. ''References. 

transfer reactions (i.e. why HO + and H 2 0 2+ should react much 
more rapidly than the oxygen atom). 

Reactions are known in which a halide reacts as a nucleophile 
at an oxygen atom, for example the bromide reactions with hy- 
drogen peroxide: 16 

H 2 0 2 + Br ""'""m"'" . 0H - + jjQBr (22) 



H + + H 2 0 2 + Br" - 



* H 2 0 + HOBr (23) 



In these cases OH - and H 2 0 are leaving groups, in a n 



similar to structures I and II where OH + replaces Cl + . On the 
other hand, the above H 2 0 2 rate constants are factors of 1 .5 X 
10 8 and 1.1 X 10 8 slower than the corresponding reactions of 
HOC1. This is consistent with a less favorable nucleophilic attack 
by bromide ion at oxygen as compared to chlorine. 

In the Cl + -transfer mechanism, protonation of the oxygen atom 
greatly assists the rate because OH" and H 2 0 are suitable leaving 
groups. Since the 0 2 ~ ion is not an appropriate leaving group, 
water must donate a proton if the k 0 path (H 2 0 + OCl" + Br") 
also occurs by Cl + transfer. 

Table VI summarizes the third-order H 3 0 + -assisted rate con- 
stants for the reactions of hypochlorite and hypohalous acids with 
halide ions. The relative reactivity for H + + OCl" with halides 
is I" » Br and for H + + HOC1 with halides is Br » CI". The 
increase in reactivity with I~ » Br » CI" reflects the relative 
nucleophilicity of the halide ions. The rate constants for H + + 
HOX + Br show that HOBr is more reactive than HOC1, even 
though the HOG1 reaction is more favorable thermodynamically. 
The relative reactivity of HOC1, HOBr, and HOI parallels the 
ability to more easily expand the coordination of X and transfer 
X + to the halide ion. 
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Removal of Iron from Transferrin by Pyrophosphate and Tripodal Phosphonate Ligands 
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The kinetics of iron removal from transferrin in 0.1 M hepes buffer at pH 7.4 and 25 °C have been studied by visible spectroscopy. 
Pseudo-first-ofder rate constants have been determined as a function of the ligand concentration for the ligands pyrophosphate, 
nitrilotris(methylenephosphonic acid), W-(phosphonomethyl)iminodiacetic acid, AyV-bis(phosphonomethyt)glycine, and nitrilo- 
triacetic acid. The general equation that describes this ligand dependence is k obsd = ArtL]/(l + k"[L]) + k'"[t]. The results 
are discussed in terms of two parallel pathways for iroa removal, one that is first order in ligand and another that shows' saturation 
kinetics. Iron removal by the phosphonic acids proceeds predominately through the saturation pathway, while iron removal by 
the structurally related ligand nitrilotriacetic acid proceeds exclusively through the first-order pathway. Iron removal by pyro- 
phosphate is relatively rapid through both pathways, so that the saturation process predominates at low ligand c< " ' 
the first-order pathway predominates at higher ligand cc 



Introduction 

Serum transferrin is the primary mammalian iron transport 
protein. The protein has been extensively studied, and several 
recent reviews of transferrin chemistry are available. 1-3 
Transferrin consists of two major lobes, designated N-terminal 
and C-terminal, with a single high-affinity iron-binding site as- 
sociated with each lobe. These sites are well separated, and 
although they are very similar, they are not identical. 

Serum transferrin belongs to a small class of proteins that 
includes ovptransferrin and lactoferrin. The distinguishing 
characteristic of these proteins is the requirement of a synergistic 
anion for effective metal binding. Under physiological conditions 
the anion is (bi)carbonate, which binds simultaneously to the iron 
and to cationic side groups on the protein to form an Fe-HCOj-Tf 
ternary complex. Under carbonate-free conditions, reasonably 
stable ternary complexes can be formed With a variety of other 
anions. 4 

At sites of iron utilization, ferric transferrin binds to specific 
cell membrane receRtors and releases its iron, although the process 
by which iron is removed from the very stable transferrin complex 
is still not clearly understood. 3 Iron removal from transferrin could 



(1) Chasteen, N. D. Adv. Inorg. Biochem. 1983, J, 201. 

(2) Aisen, P.; Listowsky, I. Amu. Rev. Biochem. 1980, 49, 357. 

(3) Brock, J. H. Top. Mol. Struct. Biol. 1985, 7, 183. 

(4) Schlabach, M. R.; Bates, G. W. J. Biol. Chem. 1975, 250, 2182. 



also be important in chelation therapy for chronic iron overload. 
Certain genetic disorders such as fj-thalassemia require frequent 
transfusions of whole blood. Since the body is unable to excrete 
the iron contained in this blood, it accumulates to lethal levels 
in organs such as the heart. 5 As a serum protein, transferrin is 
readily accessible to therapeutic chelating agents, but the rate of 
iron removal by desferrioxamine B, the current drug of choice, 
is quite slow. 5 ' 6 Thus there is considerable interest in ligands that 
can remove iron from- transferrin more quickly. 

Rates of iron removal by several classes of ligands, including 
phosphonic acids, 7 catecholates, 8,5 hydroxamates,* 0 '" and pyro- 
phosphate, 12,13 have recently been reported. In all cases a hy- 
perbolic dependence of the rate of iron removal on the concen- 
tration of ligand was reported. In enzyme kinetics this type of 

(5) Weatherall, D. J. In Development of Iron Chelators for Clinical Use; 
Martell, A. E., Anderson, W. F., Badman, D. G., Eds.; Elsevier: New 
York, 1981; pp 1-12. 

(6) Pollack, S.; Vanderhoff, G.; Lasky, F. Biochim. Biophys. Acta 1977, 
497,481. 

(7) Harris, W. R. J. Inorg. Biochem. 1984, 21, 263. 

(8) Carrano, C. J.; Raymond, K. N. J, Am. Chem. Soc. 1979, 101, 540. 

(9) Kretchmar, S. A.; Raymond, K. N. J. Am. Chem. Soc. 1986, 108, 621 2. 

(10) Cowart, R. E.; Kojima, N.; Bates, G. W. J. Biol. Chem. 1982, 257, 
7560. 

(1 1) Konopka, K.; Bindereif, A.; Neilands, J. B. Biochemistry 1982, 21, 
6503. 

(12) Cowart, R. E.; Swope, S.; Loh, T. T.; Chasteen, N. D.; Bates, G. W. 
J. Biol. Chem. 1986, 261, 4607. 

(13) Kojima, N.; Bates, G. W. /. Biol. Chem. 1979, 254, 8847. 
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STABILIZED BROMINE SOLUTIONS, 
METHOD OF MAKING AND USES 
THEREOF FOR BIOFOULING CONTROL 

REFERENCE TO RELATED PATENT 
This application is a continuation-in-part of U.S. Ser. No. 
09/283,122, filed on Mar. 31, 1999 now U.S. Pat. No. 
6,270,722. 

FIELD OF THE INVENTION 
This invention relates generally to water treatment and, 
more particularly, to stabilized bromine solutions, method of 
making and uses thereof for biofouling control. 

BACKGROUND OF THE INVENTION 

Sodium hypochlorite has been widely used in a variety of 
industrial and recreational water systems to control biofoul- 
ing. However, sodium hypochlorite is unstable and must be 
provided in a stabilized form. There are several methods : 
known in the art for stabilizing hypochlorite (See, e.g., U.S. 
Pat. Nos. 3,328,294 and 3,767,586). 

Bromine is preferred over chlorine for use in water 
treatment because of its lower volatility and better perfor- 
mance at high pH and amine environments. However, like : 
sodium hypochlorite, sodium hypobromite is unstable in 
typical storage conditions and must therefore also be pro- 
vided in a stabilized form. U.S. Pat. Nos. 5,683,654 and 
5,795,487, as well as the references disclosed therein, teach 
various methods for stabilizing sodium hypobromite. The : 
'654 and '487 patents disclose batch methods which utilize 
sodium hypochlorite and sodium bromide as starting 
materials, followed by the addition of a stabilizer. WO 
97/20909 similarly discloses a process which includes a 
hypobromite formation step followed by a bromine stabili- : 
zation step. However, a disadvantage associated with this 
technique is that unstabihzed hypobromite is formed in a 
separate step at a high concentration and pH. It is known that 
unstabilized hypobromite degrades quickly under such con- 
ditions to form bromate, a non-biocidal compound that is • 
very toxic and a suspected carcinogen. 

In addition, WO 97/43392 discloses a process that first 
forms stabilized chlorine compounds and then converts them 
to stabilized bromine compounds. However, this type of 
process is limiting because only hypochlorite-releasing ' 
compounds can be used as the oxidizing source. 

Therefore, because the demand for stabilized bromine 
solutions is expected to increase in the future due to its 
advantages over chlorine, there is a need for other cost- 
effective methods of making stabilized bromine which can 
use a wider range of oxidants. 

Accordingly, it would be desirable to provide a method of 
making a stabilized bromine solution which can be carried 
out as a batch or continuous process right at the site of the , 
commercial application. It would also be desirable to 
develop a method of making a stabilized bromine solution 
which is flexible and allows a variety of oxidizers to be 
utilized. 

SUMMARY OF THE INVENTION ' 
The stabilized bromine solutions of the present invention 
are prepared by combining a bromine source and a stabilizer 
to form a mixture, and then adding an oxidizer to the 



commercial application site, thereby eliminating the need to 
store and transport the stabilized bromine solutions. The 
method of preparation is also flexible and allows for the 
utilization of a variety of oxidizers. 



The present invention is directed to a method of making 
stabilized bromine solutions. In accordance with this 
invention, a bromine source and a stabilizer are combined to 
form a mixture, and then an oxidizer is added to the mixture. 

The bromine sources which may be used in the practice of 
the present invention include hydrobromic acid, and alkali 
or alkaline earth metal bromides, such as sodium bromide, 
potassium bromide and lithium bromide. 

The stabilizers which may be employed in this invention 
have the chemical formula R — NH — R 1 , wherein R and R 1 
are selected from the group consisting of R 2 C0, R 2 S0 2 , 
R 2 CF 2 , R 2 CHF, H, OH and PO(OH) 2 , and R 2 is an alkyl 
group or an aromatic group. Suitable stabilizers include 
' saccharin, urea, thiourea, creatinine, cyanuric acids, alkyl 
hydantoins, monoethanolamine, diethanolamine, organic 
sulfonamides, biuret, sulfamic acid and its alkali or alkaline 
earth metal salts, organic sulfamates and melamine. Sul- 
famic acid and its alkali or alkaline earth metal salts are the 
most preferred stabilizers. 

Optionally, other water treatment chemicals, such as 
tracing compounds, surfactants, corrosion inhibitors and 
scale inhibitors, can be added to the bromine/stabilizer 

The oxidizers which may be used include chlorine gas, 
hypochlorous acid, hypochlorite salt, chlorite, chlorate, 
elemental bromine, bromine chloride, hydrogen peroxide, 
persulfate, pernanganate and peracetic acid. Chlorine gas, 
hypochlorous acid and hypochlorite salt are the most pre- 
ferred oxidizers. It is believed that other peroxy compounds 
can also be used in accordance with this invention. 

The stabilized bromine solutions which are prepared in 
accordance with this invention can be prepared at the site of 
the commercial application. This eliminates the need to store 
and transport the stabilized bromine solutions and thus the 
need for adding caustic to adjust the pH and extend the shelf 
life of the solutions. The present invention can be carried out 
as either a batch or continuous process. 

It is preferred that the molar ratio between the bromine 
source and the stabilizer be in the range of about 0.1 to 10. 
The molar ratio between the bromine source and the oxidizer 
should preferably be in the range of about 0.2 to 5. 

The stabilized bromine solutions which are prepared in 
accordance with this invention may be used in a wide variety 
of commercial applications. These applications include, but 
are not limited to, the use of the stabilized bromine solution: 
(1) as the bleaching agent in a method for the laundering of 
soiled garments in which the soiled garments are washed in 
an aqueous media containing a detergent and a bleaching 
agent; (2) as the oxidizing agent in a method for the 
manufacture of cellulosic materials in which cellulosic fibers 
are bleached; (3) as the oxidizing and biocidal agent in a 
method for the control of biofouling in a recreational water 
system in which an oxidizing and biocidal agent is added to 
control biofouling; (4) as the oxidizing and biocidal agent in 
a method for the control of biofouling on a hard surface in 
which an oxidizing and biocidal agent is applied to the 
surface to control biofouling on the surface; (5) in a method 
for the control of biofouling occurring on the surfaces of 
equipment in contact with produced oil field waters; (6) in 
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a method for controlling biofouling in an aqueous system; 
(7) in a method for controlling biofouling in pulp and paper 
manufacturing process water and process chemicals; and (8) 
in a method for controlling microbial growth in an aqueous 
stream used for transporting or processing food products and 5 
on food surfaces and equipment surfaces that come in 
contact with the aqueous stream. 

In another embodiment, the invention is a method of 
preventing biofouling on the surfaces of equipment in con- 
tact with an industrial water system. The method comprises 10 
adding an effective biofouling controlling amount of a 
stabilized bromine solution to the water system, wherein the 
solution is prepared by combining a bromine source and a 
stabilizer to form a mixture, and then adding an oxidizer to 
the mixture. 15 

The types of industrial water systems in which the stabi- 
lized bromine solution may be used to prevent biofouling 
include, but are not limited to, cooling water systems, 
sweetwater systems, gas scrubber systems, air washer 2 o 
systems, evaporative condensers, pasteurizers, produce sani- 
tizer streams, fire protection water systems and heat 
exchanger tubes. 

It is preferred that the amount of stabilized bromine 
solution which is added to the industrial water system be in 25 
the range of about 0.1 ppm to about 2000 ppm and prefer- 
ably in the range of about 0.5 ppm to about 500 ppm, based 
on available chlorine concentration. The stabilized bromine 
solution can be added to the water system by any conven- 
tional method, i.e., by slug, intermittently or continuously. 30 

EXAMPLES 

The following examples are intended to be illustrative of 
the present invention and to teach one of ordinary skill how 35 
to make and use the invention. These examples are not 
intended to limit the invention or its protection in any way. 



Example 1 

This example demonstrates the impact of caustic addition. 
It also illustrates that caustic addition is not needed if the 
inventive stabilized bromine solutions are prepared and used 
at the site of the commercial application. 

Three stabilized bromine formulations were prepared 
with the only difference being their caustic contents. The 
formulations underwent an accelerated thermal degradation 
test at 135° F. and the product actives were determined by 
potassium-tbiosulfate titration at various times. The half 5 
lives of the products were calculated from first order decay 
curves. As shown below in Table 1, the product half lives 
indicate that the lower the caustic addition, the shorter the 
shelf life. 

TABLE 1 



4 

Example 2 

A laboratory experiment was conducted at room tempera- 
ture (70° F.) by: 

1. Preparing a mixture (solution A) of sodium bromide and 
sodium sulfamate to contain 33.3% wt of sodium bromide 
and 17.4% of sodium sulfamate in water; 

2. Adding 0.76 ml of 10.9% wt (as available chlorine) 
chlorine bleach to 1000 ml of synthetic cooling water 
containing 225 ppm (as CaC0 3 ) hardness and 125 ppm 
(as CaC0 3 ) total alkalinity (solution B); and 

3. Adding 0.241 ml of solution A to solution B to form the 
final solution. 

One milliliter of the final solution was taken at different 
time points and diluted 100 times in deionized water. The 
halogen residual concentrations in the diluted solution were 
determined using Hach's DPD method 80 on a DR-2000 
spectrophotometer. Three types of DPD measurements were 
taken: (1) free halogen residual using free chlorine reagent 
and read at 20 seconds after the reagent was added to the test 
solution, (2) total halogen residual using total chlorine 
reagent, and (3) 3-minute halogen residual using free chlo- 
rine reagent and read at 3 minutes after the reagent was 
added. As discovered by the inventors, the difference 
between the total halogen residual and 3-minute halogen 
residual is the concentration of N-chlorosulfamate. 

While determining the halogen residual in the solution, 
another one milliliter of the final solution was taken and 
added to a flask containing 100 ml of the synthetic cooling 
water with 2.4x10" CFU/ml of cooling water mixed culture 
bacteria. After five minutes of mixing, an aliquot of sample 
was taken from the flask and neutralized with sodium 
bisulfite. The surviving bacterial population was enumerated 
on 3M's aerobic count Petrifilm® media after appropriate 
dilution. The test results are summarized below in Table 2. 

TABLE 2 
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The results show the effective biocidal performance of the 
prepared solution. In addition, the solution was found to be 
stable and there was no reduction of total halogen residual 
during the test period while the concentration of 
N-chlorosulfamate decreased with an increase in the 
N-bromosulfamate concentration. 

While the present invention is described above in con- 
nection with preferred or illustrative embodiments, these 
embodiments are not intended to be exhaustive or limiting of 
the invention. Rather, the invention is intended to cover all 
alternatives, modifications and equivalents included within 
its spirit and scope, as defined by the appended claims. 

What is claimed is: 

1. A method of making a stabilized bromine solution 
comprising the steps of: 

a. combining a bromine source and a stabilizer to form a 

b. adding an oxidizer to the mixture, wherein the oxidizer 
is selected from the group consisting of chlorine gas, 
hypochlorous acid and hypochlorite salt. 
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2. The method of claim 1 wherein the bromine source is 
selected from the group consisting of hydrobromic acid, 
alkali earth metal bromides and alkaline earth metal bro- 

3. The method of claim 1 wherein the stabilizer has the 5 
chemical formula R — NH — R\ wherein R and R 1 are 
selected from the group consisting of R 2 CO, R 2 S0 2 , R 2 CF 2 , 
R 2 CHF, H, OH and PO(OH) 2 , and R 2 is an alkyl group or an 
aromatic group. 

4. The method of claim 1 wherein the stabilizer is selected 10 
from the group consisting of saccharin, urea, thiourea, 
creatinine, cyanuric acids, alkyl hydantoins, 
monoctumnolamine, diethanolamine, organic sulfonamides, 
biuret, sulfamic acid and its alkali or alkaline earth metal 
salts, organic sulfamates and melamine. 15 

5. The method of claim 1 wherein the stabilizer is selected 
from the group consisting of sulfamic acid and its alkali or 
alkaline earth metal salts. 

6. The method of claim 1 wherein the molar ratio between 
the bromine source and the stabilizer is in the range of about 20 
0.1 to 10. 

7. The method of claim 1 wherein the molar ratio between 
the bromine source and the oxidizer is in the range of about 
0.2 to 5. 

8. A stabilized bromine solution produced by the method 25 
of claim 1. 

9. In a method for the laundering of soiled garments in 
which the soiled garments are washed in an aqueous media 
containing a detergent and a bleaching agent, the improve- 
ment comprising using as the bleaching agent the stabilized 
bromine solution of claim 8. 

10. In a method for the manufacture of cellulosic mate- 
rials in which cellulosic fibers are bleached with an oxidiz- 
ing agent, the improvement comprising using as the oxidiz- 
ing agent the stabilized bromine solution of claim 8. 

11. In a method for the control of biofouling in a recre- 
ational water system in which an oxidizing and biocidal 
agent is added to control biofouling, the improvement com- 
prising using as the oxidizing and biocidal agent the stabi- 
lized bromine solution of claim 8. 

12. In a method for the control of biofouling on a hard 
surface in which an oxidizing and biocidal agent is applied 
to the surface to control biofouling on the surface, the 
improvement comprising using as the oxidizing and biocidal 
agent the stabilized bromine solution of claim 8. 

13. In a method for the control of biofouling occurring on 
the surfaces of equipment in contact with produced oil field 
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waters, the improvement comprising adding to the produced 
oil field waters an effective biofouling controlling amount of 
the stabilized bromine solution of claim 8. 

14. A method of controlling biofouling in an aqueous 
system which comprises adding to the aqueous system an 
effective, biofouling controlling amount of the stabilized 
bromine solution of claim 8. 

15. A method of controlling biofouling in pulp and paper 
manufacturing process water and process chemicals which 
comprises adding to the process water an effective, biofoul- 
ing controlling amount of the stabilized bromine solution of 
claim 8. 

16. A method of controlling microbial growth in an 
aqueous stream used for transporting or processing food 
products and on food surfaces and equipment surfaces that 
come in contact with the aqueous stream which comprises 
adding to the aqueous stream an effective, microbial growth 
controlling amount of the stabilized bromine solution of 
claim 8. 

17. A method of preventing biofouling on the surfaces of 
equipment in contact with an industrial water system which 
comprises adding to the water system an effective biofouling 
controlling amount of a stabilized bromine solution, said 
solution having been prepared by the steps of: 

a. combining a bromine source and a stabilizer to form a 
mixture; and 

b. adding an oxidizer to the mixture, wherein the oxidizer 
is selected from the group consisting of chlorine gas, 
hypochlorous acid and hypochlorite salt. 

18. The method of claim 17 wherein the industrial water 
system is selected from the group consisting of a cooling 
water system, Sweetwater system, gas scrubber system, air 
washer system evaporative condenser, pasteurizer, produce 
sanitizer stream, fire protection water system and heat 
exchanger tube. 

19. The method of claim 17 wherein the stabilized bro- 
mine solution is added to the industrial water system in an 
amount of from about 0.1 to about 2000 ppm as available 
chlorine. 

20. The method of claim 17 wherein the stabilized bro- 
mine solution is added to the industrial water system in an 
amount of from about 0.5 to about 500 ppm as available 
chlorine. 



